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When replacing an impeller on an anemo-
meter use only one marked with a number followed
by letter "A" or "B". This number is located
on the inside of the impeller hub. For "B"
impellers use correction factor shown at the
bottom of the WIND SPEED versus CODE LETTER
data sheet.

CAUTIONs Do not use impellers not marked as
above.
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SECTION I
PARAGRAPHS 1-1 to 1-7

SECTICN I
GENERAL DESCRIPTICN
1-1 PURPOSE OF HANDBOOK

1-2 This handbook contains both operation and maintenance instructions for
Automatic Weather Transmitting Set AN/GMT-1(XG-1) manufactured by the
U.S. Naval Avionics Facility, Indianapolis, Indiana.

CAUTION

DO NOT ATTEMPT TO OPERATE THIS EQUIPMENT WITHOUT FIRST BECOMING
FAMILIAR WITH ALL INSTRUCTIONS IN ALL SECTIONS OF THIS HANDBOOK.

1-3 PURPOSE OF EQUIPMENT

1-4 The Automatic Weather Transmitting Set AN/GMT-1(XG-1) shown in Figure
1-1 is designed to be dropped by parachute into its operational area.
After being dropped, the equipment will automatically erect itself into
operating position and thence transmit weather data by radio on a preset
schedule. The equipment is designed to fulfill the operational need for
weather data from polar and other areas accessible only by air. It will
provide data on - temperature, atmospheric pressure, wind velocity, wind
direction, and identifying call letters. The equipment was manufactured
and calibrated to operate to a minimum temperature of -65%F. It will
operate at lower temperatures than this but with increased errors and a
shorter operating life.

1-5 GENERAL PRINCIPLES OF OPERATION

1-6 The Automatic Weather Station (Figure 1-1) consists of bomb-shaped
aluminum alloy structure containing a parachute self-release mechanism,
telescopic antenna, crystal controlled transmitter, storage battery power,
meteorological instruments, coding mechanism, and associated components.
The transmitter operates on a frequency of 4223 K.C. type Al emission with
a power output of approximately 15 watts. Under favorable conditions
transmission of this unit has been monitored in excess of 1000 miles,

1-7 The Weather Station is designed to be carried by aircraft on standard
internal or external bomb racks, or it may be successfully ejected manually
through access doors of any suitable aircraft. For cold weather operation
in polar areas, it is recommended that the equipment be ejected by the
latter means in order to protect the operating mechanism from the low
ambient temperature. Should it be necessary to transport the equipment

on an external bomb rack, the aircraft speed should be restricted to not
more than 350 knots and it should not be dropped at speeds above 225

knots. The equipment is lowered to the ground by a 35' extended skirt type

1
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SECTION I
PARAGRAFHS 1-7 to 1-12

parachute, The parachute 1s automatically opened by means of a static line
attached to the aircraft. The parachute is detached from the Weather Sta-
tion on ground contact by means of an automatic parachute ground release
mechanism,

1-8 Erection of the Weather Station is accomplished after a preset time
interval, which i{s actuated by the parachute drop, by means of a pneu=
matic system whereby an inert gas (preferably heliumg operates six
erecting legs. Following the erection of the station, the telescopic
antenna is extended by the remaining gas. Due to the low center of
gravity and the geometry of the erecting legs, erection of the equipment
is possible on a surface sloping as much as 45°, For efficient operation,
however, it is recommended that the equipment be dropped on as level a
location as possible,

1-9 Meteorological conditions and a call letter to identify the station
are transmitted.

1-10 EQUIPMENT SUPPLIED
1-11 Equipment supplied as part of Automatic Weather Transmitting Set

AN/GMT-1(XG-1) is listed in Table 1-1, and includes quantity per equipment
official nomenclature, over-all dimensions, and weight.

TABLE 1=l
QUANTITY OFFICIAL NOMENCLATURE OVERALL DIMENSIONS WE IGHT
PER (INCHES) (L) -
EQUIPMENT NAME TYPE . LENGTH |WIDTH [HEIGHTH
1l ea Automatic AN/GMT-I T? 21 21
Weather (XG=1) .
Transmitting 220
Set
1 ea Test Set 11 |9 1/2] 3 3/4 10

1-12 EQUIPMENT REQUIRED BUT NOT SUPPLIED

a. BATTERY CHARGER Each equipment is shipped with a storage battery
installed. This battery is in a discharged state anc requires complete
charging prior to testing or using the unit. The battery is a sintered-
plate nickel-cadmium type as manufaetured by the Sonotone Corporation,
Elmsford, New York. Before attemtping to charge the battery read the
Service Manual provided. See Section II paragraph 2-7.

Sanitized Copy Approved for Release 2011/05/25 : CIA-RDP78-03642A001200050008-5



Sanitized Copy Approved for Release 2011/05/25 : CIA-RDP78-03642A001200050008-5

> AN

F 5

- "~ s

/BMT -1) NAVAER 50-3OGMT|- Ol

TAIL CONE

PARACHUTE

AN/GMT-1{XG-1). MAJOR COMPONENTS

FIGURE 1-2. AUTOMATIC WEATHER TRANSMITTING SET

MAIN UNIT

Sanitized Copy Approved for Release 2011/05/25 : CIA-RDP78-03642A001200050008-5



Sanitized Copy Approved for Release 2011/05/25 : CIA-RDP78-03642A001200050008-5

NAVAER 50-30GMT1-501 AN/GMT~1(XG-1)
SECTION I
PARAGRAPHS 1-12 to 1-13

b, HELIUM Before the pneumatic system of this equipment can be
actuated, it must be charged using Grade A, B, C, or D Helium. See
Section II, paragraph 2~10.

1-13 DESCRIPTION OF -MAJOR COMPONENTS (See Figure 1-2)

a. MAIN UNIT This is the principle structure of Automatic Weather
Transmitting Set AN/GMT-1(XG-1) which houses the erection devices, weather
transducers, and associated electrical and mechanical apparatus required
for its operation., It is designed for maximum strength and minimum weight
using standard aircraft type construction.

Three decks divide the interior into two main compartments and a
nose section. Six side panels completely enclose the compartments and
also provide strength to carry some of the impace and erection loads.
Panels or chaps attached to each of the six legs serve the two-fold pur=
pose of covering the louvers while in flight and increasing the leg sup-
porting area for erection in snow. Removable handhole covers provide
easy access to both the lower and upper compartments for tests or adjust-
ments, A false deck is placed over the top main deck to prevent the
heating effect of the sun from affecting measurements. Four fins, neces-
sary to stabilize the weather station as it is dropped are held in place
by the leg panels, g

Hangers are provided so that the weather station can be carried
with a standard bomb shackle,

The hemi-spherical nose section below the lower deck contains the
battery in its holder. The area between the battery and the inside sur-
face of the nose section is filled with an insert made of a foamed plastic.
The deformation of the nose section and the plastic serves as an energy
absorber on ground impact.

The upper compartment contains the meteoroclogical transducer ex-
cluding the wind vane and anemometer which protrude from the upper deck,
The electronic equipment is housed in the lower compartment.

While being lowered by parachute, the weather station is Sup=
ported by a center support post running down to the second deck. The top
section of this post is ejected during erection, leaving the top deck
unobstructed.

b, TAIL CONE The tail cone houses the parachute and the special
deployment bag. The peak of the conical deployment bag is connected to
the tail section by means of a bridle arrangement of three lengths of 1-
inch nylon webbing. Instructions for packing the parachute are contained
in Section V, paragraph 5-11. Four fins on the tail section aid in
stabilizing the weather station when it first leaves the aircraft.

4
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PARAGRAPHS 1-13 to 1-15

Six coil springs are mounted in spring wells around the front
edge of the tail section on the inside of the skin. When the tail cone
is installed on the main unit of the weather station, these springs are
compressed and the tail cone is secured in place with two tie-down cables,
These cables are fastened under tie-down clips on the main unit and are
joined at the tail by a release linkage held together by a small release
fitting., This fitting is attached to the static line which is in turn
fastened to the aircraft.

When the weather station is released from the aircraft, the static
line (which is of sufficient length to allow the station to fall clear
of the aircraft) pulls the release fitting, thus freeing the tie-down
cable, The tail section, being spring-loaded to the main body, is
immediately ejected and serves as a pilot chute for deployment of the
main canopy. The tail section falls free when deployment is completed.

c. PARACHUTE A 35 foot, extended, skirt-type parachute with a 3-
foot extension is packed in a special conically shaped deplcyment bag.
The parachute is designed to allow dropping speeds up to 225 knots. The
parachute is packed in the deployment bag and installed in the tail sec~
tion with a light breakable cord lacing across the open end to prevent
premature movement. The suspension lines of the parachute are fitted to
an ordinary D-ring which is connected to a modified automatic parachute
ground-release assembly.

1-14 ELECTRICAL CHARACTERISTICS (See Table 1-2)

TABLE 1-2
ELECTRICAL CHARACTERISTICS

e« o« & o o s s 4223 K.C,

e+ s s e e . o Al

e e s s o s o o 15 watts

e+ « « + « « « Self-Contained
60 Amp-Hr 13.5 volts
Storage Battery

Frequency ¢« « « ¢ o o « &
Type of Emission. . « . .

Power Output. « « . .
Power Requirements.

e o o e

1-15 QUANTITY AND TYPES OF ELECTRON TUBES (See Table 1-3)

TABLE 1-3
ELECTRON TUBES

UNIT NUMBER OF TUBES INDICATED
2E26 | 6005 | 6265 | éC4 TOTAL
Bridge Amplifier 1 1 2
Transmitter 1 iﬂA" 2
TOTAL EACH TYPE 1 1 1 1 4
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SECTION II
PARAGRAPHS 2-1 to 2-7

SECTION II
INSTALLATION AND ADJUSTMENT
2-1 UNPACKING AND INSPECTING THE EQUIPMENT

2-2 GENERAL Automatic Weather Transmitting Set AN/GMT-1(XG-1) is a
precision unit and requires careful handling to prevent damage, both during
use and while in transit or storage. It should remain packaged at all
times when not in use.

2-3 This equipment is packaged for shipment using Method 11 procedures
prescribed in Specifications MIL-P-116A for protection against fungus,
vapor, and molsture.

2-4 UNPACKING Select a location where the equipment can be unpacked
without exposure to the elements. Proceed as follows:

CAUTION

During all unpacking procedures, exercise extreme caution to prevent
damage to the equipment.

a. Cut and fold back metal strapes or wires.
b. Remove any nails with a nail puller and remove top and sides
of box.

CAUTION
Do not attempt to pry off sides and top, equipment may be damaged.

¢. Remove moisture-vapor barrier and the corrugated or metal
container,

d. Remove any bolts securing the equipment to the packing case or
mounting surfaces built inside the packing case,

2-5 INSPECTION Inspect the equipment for possible damage incurred during
shipment. Check contents of the packing case against the master packing
slip for completeness.

0-6 Automatic Weather Transmitting Set AN/GMT-1(XG-1) is shipped as a
complete unit and requires no installation, Only three things must be
done prior to use:

1. Battery charge
2. Pneumatic system charge
3. Transmitter tuning

2-7 BATTERY CHARGE The battery was shipped in a2 discharged state but is
complete with electrolyte. It must be fully charged before it can be

7
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SECTION II
PARAGRAPHS 2-7 to 2-12

used. The battery used is a sintered-plate nickel-cadmium type manu-
factured by the Sonotone Corporation, Elmsford, New York. A service
manual for the battery is furnished with the equipment. It is rated at
60 ampere-hour and when fully charged will read 134 volts.

2-8 Before the battery can be charged it must be removed from the equip-
ment so it will be free to vent gas released during charging. To remove
it first unscrew all screws holding on the hemi-spherical nose section
and take off nose section. Disconnect battery cable at battery AN con-
nector. Remove screws holding box in place. Set battery on bench for
charging. Connect the positive terminal of the charging source to the
+12 volt lead of the battery, and the negative terminal to the negative
(black) battery terminal (No connection is required to the 6 volt lead).

2-9 Charge the battery in an upright position. If a constant current
type of charging is used, the ampere-hour charge input should exceed the
rated 60 ampere-hour capacity by 40%. It should thus be charged until
84 ampere-hours have been put in; a charge rate of 24 amperes for 3%
hours for example. If a constant voltage method of charging is used, the
cell voltage is limited to 1,55 volts. If the battery is fully dis-
charged, the initial charge current will be very high (Use limiting
resistor if necessary to avoid exceeding charger capacity) but will fall
off rapidly as the end of the charge is reached, The time required for
charging will depend on the capacity of the charging equipment.

2-10 PNEUMATIC SYSTEM CHARGE The reservoir tank must be charged to a
pressure of at least 950 psi prior to using the equipment. Use Grade
A, B, C, or D Helium.

2-11 Remove the handhole cover "PRESSURE TANK" (See Figure 2-1). Visu-
ally examine the gauge and filler valve assembly to be certain nothing
has been damaged in shipment. .

2-12 A regulator assembly must be used during the charging operation,
preferably a Victor Equipment Company type GS-30 GAS-O-DOME Regulator.
Connect the regulator to the filler valve through a section of pneumatic
tubing. Then proceed as follows:

1. Close filler valve tight.

2, Bleed valve should be open about one-half turn.

3. Crack valve on helium tank to allow inlet pressure to equalize.

4. Close bleed valve,

5. Open load valve slowly and leave open until the desired outlet
pressure is established.

6. Close load valve.

7. Open filler valve on the weather station and watch gauge.
When a pressure of 950 p.s.i. is reached, shut off filler valve,

8. Then close valve on helium supply tank.,

9. Open bleed valve and load valve.

10. Disconnect equipment and replace handhole cover.
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SECTION II :
PARAGRAPHS 2-13 to 2-14

'2-13 TRANSMITTER TUNING The final tank coll of the transmitter must be
tuned to resonance before the weather station is dropped. Since it will
be dropped on areas of different conductivity, it is not expected that the
power amplifier will always be tuned exactly to resonance. Off-resonance
operation can be expected and in an extreme case, can reducoe the power
output as much as 5 or 6 DB. Such operation is unavoidable and will not
damage the 2E-26 tube during the short period of operation. To adjust

the loading of the transmitter:

l. Set up the weather station in some area clear of buildings,
wires, etc., to avoid affecting the antenna loading.

2. Fully extend all legs and make sure they are locked in place
with leg chaps installed,

3. Extend antenna to its full length.

. 4. Remove handhole cover "PROGRAM TIMER" and plug test unit inte
J-105, Turn main switch S-101 to ON (make sure safety switch S-702 is
opened. This breaks circuit to hammer valve fusible wires.) and timer
by-pass switch on the test unit to the ON position. When the 30 second
warmup period is over, battery voltage will be indicated on the test
unit,

5. Adjust the selector switch on the test unit to position 3
(P.A. Ip). Key transmitter on by closing carrier on switch.

6. Remove small snap button from panel over transmitter (See
Figure 2-1). This gives screw driver access to tuning capacitor C-308,

7. Adjust C-308 to resonance by tuning for dip in plate current,
This should be about 90 ma,

NOTE

Make sure this measurement is made with bridge amplifier plate voltage
of f.

Do not touch the station structure or leg chaps while making the
above adjustment as this will affect the loading.

2-14 If it is not possible to adjust for this minimum plate current, it
may be necessary to adjust the loading of the tank circuit more than by
merely changing C~308. To do this set up the station per paragraph 2-13
parts 1, 2, and 3. Then:

1. Remove side panel covering the transmitter compartment.

2. Unsolder the antenna lead at E-301,

3. Remove the transmitter.

4. Remove the plastic cover over the tank coil.

5. Slide the transmitter back in place and connect the lead to the
antenna,

6. Repeat steps 4, 5, 6, and 7 paragraph 2-13., Make small adjust-
ments of the loading tap on coil L-303 as necessary.

10
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SECTION II
PARAGRAPHS 2-15 to 2-16

NOTE ¢

Moving the tap toward the ground end of the coil increases the plate
current when the tank circuit is in resonance.

Lowering the tap on L-303 decreases the resonate frequency of the
transmitter and raising the tap lowers the resonate frequency.

The changing of the taps on L-303 for either loading or resonance
purposes will affect the other to a degree.

2-15 1If, during the tuning and loading procedure just described, the
resonance of the tank circuit cannot be found, the wire from C-308 to
L-303 will have to be changed to another turn on L-303. C-308 is a 5-15uuf
condenser. The combination of L-303 and C-308 alone will not resonate at
4223 K.C. The antenna adds approximately 60uuf of fixed capacity to this
circuit which should be sufficient for resonance. If the transmitter is
to be temporarily operated out of the weather station proper, it should
have a 100uuf variable condenser temporarily connected across C-308 so
that resonance can be maintained during the operation. The tap on L-303
from C-308 acts as a coarse tuning of the resonate frequency and C-308
serves as the fine or vernier tuning.

CAUTION

When making final installation of the small snap button over C-308
access opening, make sure the opening is well sealed to prevent fine snow
from entering the equipment.

2-16 BENCH TEST PRCCEDURE To provide a complete test of the equipment,
the station should be readied as for a drop except that the tail cone
should not be installed. Lay the station horizontally on the ground.
Pull the pin to start timer S-701., The station will erect itself and
proceed to transmit when clock contact S-102 is made. The transmission
can be monitored. With the test unit plugged in and the timer by-pass
switch in the ON position, the equipment will operate continuously.

11
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AN/GMTwl(XG—l) NAVAER 50-30GMT1-501
SECTION III
PARAGRAPHS 3-1 to 3-3

SECTION III
OPERATION

3-1 GENERAL Automatic Weather Transmitting Set AN/GMT-1(XG-1) is a fully
automatic equipment and requires no operator after it has been dropped at
a location.

3-2 INTERPRETATION OF TRANSMISSION The transmitted information, in the
form of three-letter code groups, using international morse code at
approximately 17 words per minute may be received on any standard com-
munications receiver. The frequency used is 4223 K.C. A Recorder, Code,
Tape, RD-112/U can be used if available to provide a permanent record of
transmission,

3-3 A transmission record similar to that shown in Table 3-1 should be
used for recording the transmitted code groups and converting these groups
to weather information.
TABLE 3-1
SAMPLE TRANSMISSION RECORD

Time of Last Transmission 0600
Time of Next Transmission 1800

Date 8/8/%6
Time 1200

Weather Station A

CALL WIND WIND : BAR. PRESS. BAR. PRESS
LETTERS DIR. VELOCITY TEMP. HIGH LOW
NBS BVB VTI TMI UBT SNT

NBS BVB VTI TMI UBT SNT

EVALUATION OF TRANSMISSION

Temperature correction applied to barometric pressures and wind velocity.,
(Obtain from calibration data sheets provided)

CODE LETTERS

BVB 348 Degrees

VT1 16 Knots (Corrected)

T™MI +10 OF

UBT 1004.2 Millibars iCorrectedg

SNT 750 Millibars (Corrected
13
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SECTION ITI
PARAGRAPHS 3-4 to 3-5

3-4 Upon completion of a transmission, the code letters may be converted
to weather data using the individual calibration data sheets supplied with
each station.

CAUT ION

Each station has a set of calibration data sheets peculiar to that
station. Do not use any other data sheets.

3-5 The calibration data sheets are:

1, Code letters vs resistance (transducer) It is not necessary to use
this during interpretation of a transmission.

2. Code letters vs Wind Direction degrees clockwise from reference
line.

3. Code letters vs Wind Velocity in knots.

4, Code letters vs Temperature in °F,

5. Code letters vs Barometric Pressure (High range)

6. Code letters vs Barometric Pressure (Low range)

14
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SECTION IV
PARAGRAPHS 4-1 to 4-9

SECTLI0ON 1Y
THEORY OF OPERATION
4-1 GENERAL

4-2 Vhen the woathex station is dxopped from an aircraft, the static cord
releases the tic-dovn cables thexaby cnhbling the tail cone to be ejected.
This will allow the parachute to be deploycd and at the same time will
pull a pin to start thoercctionedelay timer.

4-3 The weight of the wcathor station removes the pressure on the locking
pin of the parachutc ground-relcase assembly, allowing the pin to fall
free in approximately 15 scconds. Thus, when the station hits the ground
and removes the woight fxowm the parachute ground-relcase assembly the
parachute will Lo automatically disengaged.

4-4 The station will remain horizontal on the ground until the erection-
delay timer closes a contact to fuse the wire which holds the spring-
loaded sclf-righting hammer valve. When this happens, gas pressure will
actuate the post rclease, leg release, and leg jacks., The station will be
forced to crect itsclf perpendicular to the ground. The six legs will
mechanically lock themselves in position to provide a positive support.

4-5 Approximately 15 seconds after the station has erected itself, the
wire holding the spring-loaded antenna hammer valve vill be fused,
releasing the remaining gas pressure to erect the telescopic antenna.
The station is then properly set up and ready to transmit weather infor-
mation on its presct schedule.

4-6 A program timing clock governs the operation of the station from this
time on. At pre-dctermined intervals the clock contacts start the trans-
mission sequency. VWhen the contacts close, all tube filaments have power
applied to them and they are allowed to heat for thirty seconds. After
this time operating voltages are applied to the entire equipment and it
begins to transmit.

4-7 The station will first identify itself by sending call letters. Then
each weather transducer in turn will be switched into a circuit to operate
a servo system vhich will select code letters corresponding to the
weather information. These code letters will then be transmitted. To
insure adequate reception each item of weather information is repeated
several times.

4-8 Vhen the transmission is coiplete, a cam operated switch returns the
system to ite normal condition and it will remain so until the program
timer initiates the next trensmission.

4-9 BLOCK DIAGRAM (Su¢ Figure 4-1) This diagram includes both the
electro-mechanical system and the pneumatle plumbing.

17
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SECTION IV '
PARAGRAPHS 4-9 to 4-13

a, The electro-mechanical system consists ofs

1. Safety switch

2. Erection delay timer and thermal delay
‘3. Antenna and self—rightingAhammhl valves
4, Weather transducers /

5. Bridge amplifier

6. Coding mechanism

7. Transmitter and antenna

8. Power supply and battery

b. The pneumatic system consists of:

1. Pressure tank with gauge

2. Self-righting hammer valve
3. Antenna hammer valve

4. Leg release mechanism

5, Post release mechanism

6. Antenna erection

7. Check valve and restrictors
8. Leg jacks and legs

4-10 DETAILED FUNCTIONING OF ELECTRO-MECHANICAL COMPONENTS (Refer to sys-
tem schematic, Figure 7-1, in connection with nomenclature references.)

4-11 SAFETY SWITCH This is a normally closed, plunger-type switch, S=-702
which is connected between the erection delay timer, S-701, and the
fusible wire on the hammer valve assembly. This switch is necessary to
break the electrical circuit to the fusible wires allowing electrical
checks to be made after the hammers have been wired in place, This switch
is opened by screwing in a thumb screw which is accessible from the out-
side.of the station. It is located in such a position that one of the

leg chaps will not fit prop~rly until the thumb screw is removed. This

is to insure that the station will not be dropped with the switch open.

4-12 ERECTION DELAY TIMER AND THERMAL DELAY The erection delay timer,
S-701, is a spring~-wound unit mounted on the top deck of the weather
station and is used to provide a fixed interval between release from the
aircraft and erection on the ground. It may be set for a fixed delay time
of 1, 14, 2, 3, 4, or 4} minutes to allow sufficient time for the station
to reach ground. Six holes are provided on the face of the timer cor-
responding to the desired delay. When the timer is set, a length of
music wire is inserted into the desired hole. The handle of the timer
rests against the wire. The other end of the wire is attached by means
of a special wire clamp to the tail section in such a manner that it is
held securely in place. This arrangement prevents the timer from
operating until the wire is removed.

4-13 When the wire stop is pulled from the timer by the tail section .
ejection, the timer is free to operate. At the end of its time an

18
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PARAGRAPHS 4-13 to 4-18

electrical contact is closed and full battery voltage is appllied to the
fusible wire, F-702, mounted on the hammer assembly., The wire fuses and
releases the hammer causing erection of the station.

4-14 The thermal delay is a relay, K-701, with a fixed delay of about 15
seconds. This delay provides a time interval between the erection of the
station and the erection of the antenna. This is done to insure that the
station will right itself and lock its legs in place before the remdaining
gas is used to erect the antenna.

4-15 The heater of relay K-701 is connected between the fusible wires

F-702 and F-703. R-701 is a dropping resistance in serles with the heater
of K-701. The normally open contacts of the relay are connected in

parallel with the heater. When timer S-701 closes, it applies battery
voltage to wire F-702 which fuses, leaving the heater of relay K-701 through
the fusible wire F=701. The heater current is not sufficient to fuse the
wire and after 15 seconds, the relay contacts close, shorting the heater
circuit and applying full battery voltages directly to the antenna release
fusible wire F-701 which fuses, releasing the hamm2r and causing erection

of the antenna.

4-16 ANTENNA AND SELF=RIGHTING HAMMER VALVES The hammer valves (See
Figure 4-8) are two electrically triggered, hammer-actuated valves used to
release the gas into the pneumatic system for self-righting of the
weather station and erection of the antenna (See Paragraph 4-51). The
hammers are secured in the armed position by a fusible hammer tie-down
wire. When battery voltage is applied to each tie-down wire, it fuses
the wire and releases the respective hammer., The spring-loaded hammer
strikes the protruding end of a punch holder which actuates the pneumatic
system,

4-17 WEATHER TRANSDUCERS All transducers operate a resistance element
as an output., This output will vary from O to 2000 ohms depending on the
weather information represented. This output serves as the input for the
servo system.

CAUTION

The transducers should not be changed or tampered with since the
calibration data supplied with the equipment applies only to the
original units.

4-18 IMPELLER ANEMOMETER OPERATION This device is the transducer that
provides wind speed and direction information.

a., The wind speed measuring method uses a propeller (or impeller)
driven 4-pole magnet and a spring-loaded aluminum drag cup. The drag
cup is placed in the magnetic field of the permanent magnet. When the
magnet rotates because of the action of the wind on the impellexy a
rotational force is imparted to the drag cup that is proportional to the
speed of rotation of the magnet. A linear spring is anchored to the drag

19
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PARAGRAPHS 4-18 to 4-21

cup by the rotating magnet. A potentiometer is connected to the drag cup
shaft by means of a flexible coupling. The potentiometer is linear, O to
2000 ohms., By properly adjusting the strength of the magnetic field and
the strength of the retaining spring, the anemometer may be calibrated to
read wind speeds from O to 80 knots.

b. The wind direction transducer is a weather vane that streamlines
itself by heading into the wind., It is connected to a potentiometer by
means of a ball bearing mounted shaft through the pedestal or base of the
anemometer assembly. The wind direction transducer uses the physical
structure of the Automatic Weather Station as its directional reference
rather than the earth - it is therefore necessary to know the direction in
which the weather station is oriented in order to properly determine wind
direction from the code letters transmitted by the weather station., The
means provided for determining the directional orientation of the weather
_‘MOyUSQ(Stétion consists of the red arrow or pointer formed by the painted stripes
[ " .on the legs and top of the Automatic Weather Station. This arrow is
easily visible from the air. The crew of the drop aircraft may, by using
the instruments in the aircraft, determine the bearing of the arrow. The
wind direction information transmitted from the weather station is on the
basis of the heading of the arrow equal to O degrees - thus by knowing the
bearing of the weather station and the direction of the wind in relation
to the weather station, it is possible to calculate the bearing of the wind.

4-19 TEMPERATURE TRANSDUCER The temperature transducer consists of a
360° minitorque potentiometer actuated by loosely wound spiral core of bi-
metal. The bi-metal core is wound so that it opens with the lowering of
temperature and can turn the potentiometer as much as 720° over the
temperature range from ~70° to ~140°F, The instrument should vary between
0 and 2000 ohms from -70° to about +30°F. Then it should drop back to

O ohms with further increase in temperature. As the temperature continues
to rise, the resistance will increase until it again reaches approximately
2000 ohms at +140°F, A fine mesh screen cover protects the bi-metal coil
from handling and from larger pieces of dirt which might jam between the
coils.

4-20 ATMOSPHERIC PRESSURE TRANSDUCER These are commercially manufactured
transducers. There are two such transducers covering two ranges of
barometric pressure. In order to provide continuity of pressure readings,
the two ranges overlap. The high range covers from 12 to 15 psi or 820 to
1040 millibars. The low pressure range covers from 8 to 13 psi or 680 to
890 millibars.

4-21 BRIDGE AMPLIFIER The input to the bridge amplifier is taken from an
AC bridge circuit. The bridge circuit consists basically of two fixed arms
R401 and R402 and two variable arms. One variable arm consists of a fixed
resistance R403 and the weather element transducer. The other variable arm
consists of a fixed resistance R404 and a rebalance potentiometer R201.

For maximum sensitivity R401 is made equal to R402 and the combined
resistances of R403 and the weather element transducer are equal to the
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combined resistances of R404 and R201 at balance. The resistance values
are such that the maximum current through the variable resistance of the
weather element transducer should not exceed 15 milliamperes.

4-22 R201 is aspecially constructed 360° rotation minitorque potentio-
meter. The first 30° of rotation (225 ohms) of R201 plus R404 (3545 ohms)
total 3770 ohms which matches the value of R403 in the adjacent arm of the
bridge. The next 300° of rotation add 2250 ohms to the circuit corres-
ponding to the variable resistance of the transducer in the other

variable arm. The last 30° of rotation of R20l is a open circuit.

4-23 The open circuited part of this potentiometer provides for over-
shooting when the rebalance motor is turning the potentiometer rapidly to
a high value of resistance. When inertia of the motor carries the
potentiometer arm over into the open circuit, a strong reverse torque is
applied to the motor and to break its motion causing reversal of direction.
This reduces the shock on the gear train by lessening its impact against
the mechanical stop. If a weather transducer should develop an open
circuit, reverse torque would be applied because R405 (1.8 megohms) is

in parallel with these transducers. When the motor drives R201 rapidly
toward a balance position of 1.8 megohms, the arm of R201 suddenly goes
into the open circuit region. A reverse torque is then applied breaking
the motor and causing a temporary reversal of direction. Under these
conditions, holding will occur at the end of the resistance strip and

the code selector switch may stop at random points in this region.

If scattered readings occur in the vicinity of 2200 ohms, an open circuit
in one of the instruments should be suspected.

4-24 As was previously mentioned the first 225 ohms of R201 in series
with R404 is matched by single resistance R403 in the adjacent variable
arm. In order to insure that thé value of R403 and the value of R404
plus 225 ohms (of R201) vary in exactly the same way over the temperature
range of the equipment, different temperature coefficients were selected
for R403 and R404,

4-2% The bridge amplifier consists of a simple two-stage resistance
coupled amplifier employing a 6B86 and a 6005 (V401 and V402 respectively).
The AC bridge circuit discussed above is connected between the grid of

V40l and ground. The connection between R401 and R404 and the connection
between R402 and R403 is supplied with 115V at 115 cycles from the power
supply unit, This same AC voltage is applled to one phase of the two-
phase rebalance motor B20l. The other phase of this motor is connected

to the output of the amplifier. A 90° phase shift relation between the
two voltages applied to the motor is obtained by means of a phase

shifting capacitor C405 in the amplifier output circuit.

4-26 When the AC bridge is sufficiently unbalanced (approximately 2 ohms
change in one leg) the AC voltage applied to the grid of V40l is amplified
and fed to one side of B201., The motor rotates the rebalance potentiometer
R201 in the proper direction to balance the AC bridge circuit, thus

2]
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reducing the voltage applied to the grid of V401 to approximately O, The
code selector switches 5204 and $205 rotate with this motor (see para-
graph 4-63) picking out particular letters for transmission.

4-27 Since the time allotted for bridge rebalance is only about 3 seconds,
hunting or instability must be maintained at a minimum. This is ac-
complished by allowing some DC to flow in one side of the two phase motor
thereby providing a measure of magnetic damping. R410 provides a OC

path from B+ through the motor. The A.C. bridge, bridge amplifier, re-
balance motor B20l1, and potentiometer R201 constitute the servo system.

4-28 CODING MECHANISM (See Figure 4-3) The code selection mechanism
consists of two mechanical systems which are electrically connected. One
system consists of a code wheel S203, a sequencing switch S201, and a cam
operated switch S202, all powered by a 12V DC motor B202. The other
mechanism, located at the top of the coding unit, consists of two 7
contact switches, $204 and S205, geared together through a 13 to 1 ratio
and geared to a precision potentiometer R201. R20l is the rebalance
potentiometer in one leg of the AC bridge circuit. This system is
actuated by a two-phase motor B201l which tends to rebalance the bridge
circuit. The two switches are wired to code wheel brushes. These two
switches are identical and are made up of 7-contact buttons each and a two-
pronged switch arm.

4-29 When a switch arm is touching only one button, the code selection
mechanism sends the letter on the code wheel which is connected to that
button. When the switch arm touches two buttons, the mechanism sends both
letters simultaneously which results in a third letter (see Figure 4-5)
The buttons are of such a diameter and spacing that the arc length
travelled while the switch arm contacts a single button equals the arc
length travelled by contacting two buttons simultaneously.

4-30 A mechanical stop *s provided on the gear driving selector switch
S204, This stop hits a spring held in a stop holder mounted on the side

of the case. This stop prevents the mechanism from overshooting in case

a high resistance or an open circuit is encountered in a weather trans-
ducer. This stop works in conjunction with the electrical braking feature
described in paragraph 4-23,

4-31 There are three sets of brushes contacting code wheel S5203. The
brushes in sets two and three are wired to selector switches S204 and 5205
respectively., Five of the nine brushes in set one are wired to brushes

on the sequencing switch S201. Two brushes are wired through a single

pole double throw switch S206, to a brush on the sequencing switch, S201{.
S206 is used to select either I or N as the first letter of the call letter
code group. The two end brushes of each set are common and are connected
to the keying relay.

4=32 The sequencing switch performs several functions. It switches the
weather element transducer resistance into the bridge circuit, applies
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FIGURE 4-3 CODING MECHANISM
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voltage to the rebalancing circuit, and selects a code letter to identify
the weather information being sent. It also switches a fixed call letter
resistor R606 into the bridge circuit to cause the mechanism to send a
call letter identifying the individual weather station.

4-33 The code wheel turns 20 revolutions for one revolution of the
sequencing switch, Since the code wheel has three sets of brushes, three
letters are sent for each revolution. The first letter is selected by the
sequencing switch to identify the weather information being sent. These
letters and the transducers they identify are as follows: N or I

(as selected by S206) ~ - station call letters; B - - wind direction;

V - - wind velocity; T - - temperature; U - « pressure, high ranges

§ - - pressure, low range. The next two letters represent the quantitative
information. This results in three letter code groups with spaces between
each group. For a complete sequence of transmission sece paragraph 4- 63

4-34 During a complete transmission, there are 40 turns of the code wheel
and two turns of the sequencing switch. During the second revolution of
the sequencing switch, the clock operated contact opens, leaving the cam
operated switch S202 the only contact holding mair relay K104 closed.

Thus turning off of the equipment is assured at the proper location of the
sequencing switch.

4-35 TRANSMITTER The transmitter (Figure 4-6 ) is enclosed in an aluminum
case and mounted on the bottom deck next to the antenna. The final tank
coil and trimmer capacitor are housed under a plastic cover which serves

to protect these items from weather elements.

4-36 Type Al transmission is employed, using international Morse code at
approximately 17 wpm. The transmitter consists of a standard crystal
oscillator and power amplifier arrangement; a 6C4 is used 3s a Pierce
oscillator and drives a 2E26 class C power amplifier (see Figure 9-1).

The main features of the transmitter and antenna coupling design are
simplicity and ease of tuning. Only one tuning control and one tap adjust-
ment are required. With full battery voltage the power output to the
antenna is 15 watts. Shunt feed is used in the plate circuit of the power
amplifier tube to prevent application of high DC voltage to the antenna.

4-37 A CR-18/u, AT-cut crystal is used in the crystal oscillator circuit,
and is ground to 4223 KC plus or minus 0,03 per cent. Tank coil L-303 and
trimmer C-308 form a resonant circuit with the antenna. Loading is ac-
complished by adjusting the plate tap on L-303. Moving the tap toward
ground increases the plate current. C-308 and the tap on coil L-303 are
adjusted during manufacture and should not have to be readjusted. The
heater of the 6C4 is connected between ground and plus 6 volts; the heater
of the 2E26 is connected between plus 6 and plus 12 volts.

NOTE: The heaters of the bridge amplifier tubes are connected between
ground and plus 6 volts, thus evenly dividing the heater load on the battery.
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In a KEY UP condition, plate voltage is applied only to the 2E26.
Keying is accomplished by a 6-volt DC keying relay (K-105) which simul-
taneously applied plate voltage to the oscillator and screen voltage to the
power amplifier. K-105 is mounted in a hermetically sealed relay box in
the power and timing unit.

4-38 The necessary measurements of the power amplifier voltage and current
can be made with the test meter furnished with the equipment (see SectionV
paragraph 5-32 ). With the power amplifier loaded to about 95 ma plate
current at 350 volts plate voltage, the following voltages are present
(measured with a VIVM): oscillator 6C4--250 volts at the plate and -20
volts at the grid and power amplifier 2E26--180 volts at the screen grid
and =62 volts at the grid. The combined oscillator plate current and
power amplifier screen grid current is 20 ma,

4-39 Connection is made to the antenna by a lead to a lug on the antenna
contact ring which is located on the base of the middle-deck antenna feed-
through insulator. The set screw must be tightened against the antenna

to make a good connection., The final tank coil must be tuned to resonance
and the loading tap preset if necessary before the weather station is
dropped. (See Section II, paragraph 2-13) Since the weather station will
be dropped on areas of different conductivity, it is not expected that the
power amplifier will always be tuned exactly to resonance. In fact,

under various conditions, off-resonance operation can be expected; in the
extreme case, this can reduce power output as much as 5 or 6 db. Such
operation is unavoidable and will not damage the 2E26 during the short
period of operation.

4-40 ANTENNA The antenna is composed of 5 telescopic sections of alu-
minum tubing which are automatically ejected by gas pressure to form a
vertical whip antenna extending a little over 13 feet above the top deck

of the station. The antenna is insulated from the structure of the station
by twe feed-through insulators in the middle and top decks and one base
insulator at the bottom deck. Gas pressure is applied through a hole in

the center of the base insulator to ersct the antenna. Electrical con-
nection to the antenna is made by means of a contact ring on the bottom

of the eecond deck feed-through insulator. The antenna lead from the trans-
mitter is connectad to this ring.

4-41 POWER SUPPLY AND BATTERY (3ee Figure 4-7 ) The power supply is
mounted on the lower deck of the station and the battery is located in the
hemi-spherical nose section. The power supply includes a conventional
vibrator unit, a transformer, hermetically sealed relays, delay relay, and
a modified D.C. clock for tuning transmission schedules. The clock
mechanism is adjusted for an accuracy of +10 minutes over a two-week period.

4-42 When the main switch $-101 is in the OFF position, all voltages are
removed from the equipment. Placing this switch in the ON position applies
6 volts to the clock mechanism, 12 and 6 volts to the normally open con-
tacts of relay K-104, and 12 volts to the contact of self-righting delay
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timer S-701, When this timer contact closes, it applies 12 volts to F-702,
F-701, and K-701, causing self-righting and antenna ercction. Nothing
more is actuated until the contacts of the clock, S-102, close. (Theso
contacts are arranged to close at 12 and 6 o'clock to provide a trans-
mission every six hours. The contact arca on the face of the clock is
arranged so that a transmission every three hours can be programmed simply
by soldering in two extra contact areas located at 3 and 9 o'clock.)

4-43 When the clock contactsclose, relay K-104 is energized. This applies
voltage to all vacuum tube heaters, the heater of thermal time-delay relay
K-101, and the coil of keying relay K-105 (This relay will not be energized
however until the code wheel 5-203 begins to revolve during transmission.)
After 30 seconds, K-10l contacts close and encrgized relay K-103. This
relay applies 12 volts to the vibrator power supply VP-101, motor B-202,
and bridge amplifier relay K-102. Thermal relay K-10l is removed from the
circuit at the same time and a pair of holding contacts maintain the coil
of K-103 energized as long as 12 volts is applied.

4-44 When the motor, B-202, starts, the cam operated micro-switch, S-202
(wired in parallel with the clock contact S~102) closes. This parallel
arrangement insures two complete revolutions of the¢ sequencing switch and
consequently the transmission of two complete sequences of weather
information, $-202;, in parallel with the clock contact, provides a
positive contact to hold K-104 closed. At the end of one revolution of
the selector switch,5-202 closes. But, since S-102 is still closed, K-104
remains energized, B-202 continues to operate, and 5-202 again closes.
Before another revolution of the sequencing switch, S-201, is completed,
the clock contact opens and K-104 is de-energized. This removes all
voltages to the electrical equipment except the clock mechanism., Trans-
mission stops and the equipment is in stand-by condition until the clock
contact again closes to start the next transmission cycle.

4-45 The vibrator power supply VP-101 has a D.C. output voltage of 375V
unloaded. The current drain is about 115 milliampercs to the transmitter
and 40 milliamperes to the bridge amplifier., This vibrator supply also
provides 115 cycles alternating current for operation of the rebalance
motor and bridge circuit.

4-46 The bridge amplifier relay, K-102, is energizcd by contact 5-201m on
the sequencing switch, S-201, and applies plate voltage to the bridge
amplifier and 24 volts A,C. to the primary of T~10l, T-10l supplies 115V
A.C. at 115 cps to the A.C., bridge circuit and rebalance motor., Thus the
bridge circuit operates only when relay K-102 is ensrgized.

4-47 The four relays, K-101, K-102, K-103, and K-104, are mounted in a
hermetically sealed unit which plugs into a 20 contact socket.

4-48 Connections are made from the power supply to the transmitter,
bridge amplifier, and codc sclection mechanism by means of cables which
terminate in connectors that are potted for waterproofing and reduction
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in size. Power is supplied to the fusible wire for self-righting antenna
erection through connector J-102 mounted on the top of the power supply
and timing unit,

4-49 The test meter can be plugged into J-105 on the front panel. Three
meter shunt resistors, R-101, R-102, and R-103, for current measurement are
mounted on the terminal strip E-103. All interconnections in the power
supply are made on terminal strips E-101 and E-103.

D 4<50 The battery used is a nickel-cadmium{16/ampere-hour unit composed of
\: 11 active cells and 1 dummy cell, The assembly is mounted in a case which

is housed in the nose section of the station. When fully charged, the
//////battery voltage is 13}% volts.

s

4-51 DETAILED FUNCTIONING OF PNEUMATIC SYSTEM

4-52 PRESSURE TANK AND GAUGE The pressure tank is mounted on the lower
deck (See Figure 4-9). A connection on the top of the tank extends to
the upper deck. At the upper deck level a pressure gauge and filler valve
are attached. The take-off point for the pneumatic system is also at this
point. This tank has been tested at 2000 psi pressure without showing
signs of yield (See Section II, paragraph 2-10for charging instructions).

4-33 SELF-RIGHTING HAMMER VALVE AND ANTENNA HAMMER VALVE (See Figure 4-8)
These are electrically triggered hammer actuated valves used to release
the gas into the pneumatic system for self-righting the weather station
~and direction of the antenna. These two hammer valves are identical
- and consist of the following major parts:

7ot 1, Hammer and associated torsion spring

R © 2. Punch holder )
3. Punch
4, Plug
5. Plug fitting
6. Union (special)
7. Main valve body (holds punch holder and plug fitting)
8. Hammer tie-down fusible wire
9. Tie-down lug, self-assembly
10, Crush Washer

4-54 The main valve body is used as part of the hammer framework. The
hammers are secured in an armed position by the fusible tie-down wire.

The punch holder is placed in the main valve body with the stem protruding
through the inner wall so that the hammer will strike it when released.
The punch holder and the valve seat in the main valve body form a gas=~
tight seal. The punch is inserted in the punch holder sharp side out.

The gas seal plug is placed flat side down in the plug holder fitting, and
the union is securely tightened against it. The aluminum crush washer,
used to form a gas-tight seal, is placed on the plug holder fitting. The
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fitting is installed in the main valve body and tightened. Gas pressure
applied directly to the union is sealed off by the plug. The operation of
the hammer valve is as follows:

1. Voltage is applied between the tie-down plug and the weather
station framework.
2. This causes the 0.010 inch wire to fuse and release the
hammer. .
3. The spring-loaded hammer swings down striking the protruding
end of the punch holder.
4, This drives the punch through the aluminum plug.
5, Gas flows through the small openings in the punch driving
the punch holder back against the valve seat forming a gas-tight seal.
6. Gas also flows through the punch into the pneumatic system
causing self-righting of the station and direction of the antenna.
4-55 LEG RELEASE MECHANISM (See Figure 4-1Q The legs of the weather
station are secured in place by 3/32 inch flexible steel cables connected
to a leg release assembly mounted on the top deck., The leg release as-
"sembly is a pneumatically operated device for disconnecting the leg hold
cables at the start of the self-righting operation. If it is desired to
set up the station manually for testing, pull up on the leg release as=-
sembly to free the leg hold cables and lower the legs to the locked
position.

4-56 POST RELEASE MECHANISM (See Figure 4-9) The parachute connection
to the main unit of the weather station is by a spring-loaded post mounted
in a special fitting in the center of the top deck. This post is secured
in place by a plunger extending through its lower end. When gas pressure
is applied to the system for self-righting, this plunger is removed by

the pneumatic jack of the post release mechanism. This support post is
spring-loaded and when the locking plunger is removed, it allows the post
to be ejected, leaving the top deck free of all obstructions and providing
a positive means of releasing the parachute should the parachute ground
release feature fail.

4-57 ANTENNA ERECTION 15 seconds after the station has righted itself,
gas pressure is applied through a2 hole in the center of the base insulator
of the antenna. This pressure forces the telescopic sections of the
antenna to be erected. The sections are so contructed that they will gall
upon erection and thus will be mechanically secured after the gas pressure
has leaked off.

4-58 CHECK VALVE AND RESTRICTORS A check valve is installed in the main
gas line leading to the leg jacks. This check valve allows gas to flow
unrestricted to the leg jacks but prevents return flow when pressure in
the tank is exhausted during antenna erection.

4-59 A restrictor with a 0.024 inch opening is placed in the tubing
leading to the leg jacks. This is necessary to prevent application of full
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pressure to the jacks of the legs not in contact with the ground. These
legs are forced outward to their final position immediately, and the sud-
den application of pressure would fracture the cylinder cap when the piston
reached the end of its travel,

4-60 LEG JACKS AND LEGS (See Figure 4-10) Six pneumatic jacks are used to
force the legs outward and downward during self-righting. Each jack is
equipped with a locking ring which drops into a groove in the connecting
tube as it reaches the end of its travel. This locks the legs in position
to hold the station upright.

4-61 The six legs, constructed of aluminum tubing, are hinged to the
station structure near the lower deck level, They are connected to the
pneumatic jacks in such a way that the jacks force them outward and downe
ward, When prepared for dropping, the legs are folded into channels along
the side of the station and secured by leg hold cables. Points at the end
of the legs minimize sliding on ice or steep slopes. The legs are of suf-
ficient length to hold the station upright on surfaces sloping as much as
45 degrees and to withstand winds over 80 knots.

4-62 PARACHUTE GROUND RELEASE ASSEMBLY (See Figure 4-12 ) The parachute
ground release assembly is connected to the center supporting post of the
weather station and fastened in position by a light breakable cord. This
assembly is equipped with a spring-loaded plunger that holds a supporting
eye against the locking pin preventing the pin from dropping out pre-
maturely. This pin closes the mouth of the hook preventing release during
the interval the parachute is opening and the suspension line tension is
unstable, When the weather station is released from the aircraft and the
parachute opens, the weight of the weather station forces this supporting
eye to drop down into the hook, compressing the spring-loaded plunger,

and removing the side pressure from the locking pin. The locking pin,
which is an accurate fit into the socket, slowly slides out and will fall
clear in about 15 seconds, opening the mouth of the hook assembly, Be-
cause of the time required for the pin to drop free, the parachute and

its load are allowed sufficient time to steady down and float gently earth-
ward. The moment the weather station contacts the ground, weight is
removed from the hook assembly and the spring~loaded plunger ejects the
hook from the supporting eye allowing the parachute to float free,

4-63 DETAILED SYSTEM OPERATION

l. The weather station is released from the aircraft.

2, The static cord releases the tail cone tie-down cables.

3. The tail cone is ejected, deploying the parachute and pulling the
timer wire which starts the erection-delay timer.

4, The weight of the station removes the pressure on the locking pin
of the parachute ground-release assembly allowing the pin to fall free in
about 15 seconds.

5. The station hits the ground removing its weight from the parachute
ground-release assembly which automatically disengagss and the parachute
floats free.
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6. The station remains horizontal on the ground until timer S-70}
contacts close, fusing wire F-701.

7. The released hammer allows gas pressure to actuate the post re-
lease, leg release, and leg jacks. This erects the station perpendicular
to the ground. The four fins fall free.

8. 15 seconds later thermal delay relay K-701 closes and fuses wire
F-701. The hammer valve thus released allows remaining gas pressure to
erect the antenna, The station is now completely erected and ready to
operate. ’

9. At the prescribed transmission time, the time clock contact,

S-102, is closed, energizing relay K-104, applying battery voltage to
vacuum-tube heaters and to thermal delay relay K-101,

10, After 30 seconds relay K-101 closes its contacts. This energizes
relay K-103 which in turn applies 12 volts to the vibrator power supply and
coding mechanism motor B-202, Heater voltage is removed from K-101
allowing its contacts to open, The equipment is now entering its trans-
mission sequence.

l1. In the coding mechanism code wheel $-203 and sequencing switch S-201
are turned continually by motor B-202. On the sequencing switch contact
S-2011 is closed as the transmission starts., This selects the first letter
of the call letters to be sent. (N or I depending on setting of S$-206) As
the code wheel contacts come under the brushes of the first group of brushes,
the brush which is connected to ground by S-201i will operate keying relay
K-105. This keys the transmitting and sends the first letter. Sequencing
switch contact S-201j connects call letter resistor R-606 to the bridge cir-
cuit. S-201m applies 115 volts A.C. to the bridge and B+ to the bridge
amplifier.

12, The bridge rebalances by causing motor B-201 to operate R-201 until
the amplifier has no input. In so doing the motor has also moved S-204 and
S-205 to positions corresponding to the value of R-606, S-204 will be con-
nected to one or two brushes of the second brush group of code wheel S-203,

=205 will be connected to one or two of the third brush set., As the code
wheel S-203 continues to turn the brush or brushes of the second group now
connected to S-204 will operata keying relay K-105, Thus the second letter
of the first code letter group will be transmitted. The third set of brushes
will send the third letter.

13. Sequencing switch contacts S-201i and S=201j are still made and as
the code wheel contacts pass the first, second, and third set of brushes, the
same three letters already transmitted will be repeated, This forms the
second group of call letters. A total of four call letter groups of 3
letters each will be sent.

14, Sequencing switch contacts S-201i and S-201j now lose contact with
their respective brushes and S-20la and S-201b made contact., S-20la selects
the first brush of the code wheel character "B"., S$-201b selects the
weather transducer for wind direction and switches it into the bridge circuit,
S-201m will apply voltages to rebalance the bridge to its new position
depending on the resistance of the wind direction transducer. As code wheel
S-203 continues to turn, it will send the letter "B" to identify the trans-
ducer and then the two letters selected by the new position of S-204 and
$-205. Switch segments S-20la and S-201b are of such length that code wheel
S-203 will turn 3 times before they open contact. This allows the wind
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direction group of 3 letters to be repeated three times. All the trans-
ducer segments of S-201 are long enough to repeat each weather information
three times in turn,

15. Following wind direction will be three groups of letters of 3
letters each for wind velocity, temperature, high pressure range, and
then low pressure range.

16. One cycle of transmission is complete and the call letter segments
S-2011 and S-201j now contact again. These call letter segments are
long enough to allow the code wheel S-203 to make 5 complete revolutions
instead of three. The 3 call letters will be sent S5 times now., At the
end of the first 3 letter group, S=202 is opened by the cam on the shaft
of S-201. However, the clock contact is still made and the equipment now
enters its sccond cycle of transmission.

17. Following the call letters all weather information will be sent
as before.

18. At the end of this second cycle of transmission call letter seg-
ments S=201i and S-201j will again be made. One call letter group of 3
letters will be sent. At this point cam-operated contact S-202 again
opens. Clock contact S-102 will now be open allowing S-202 to de-energize
relay K-103. The transmission now stops and will not start again until
clock contact S=-102 is again closed. Since one call letter group has
been sent, the next transmission in each case starts with 4 call letter
groups.

4-64 A complete transmission sequence is shown in Table 4-1,

TABLE 4-1
ORDER OF CODE GROUP TIMES
TRANSMISSION SENT REPEATED
1 Call Letters 4
2 Wind Direction 3
3 Vind Velocity 3
4 Temperature 3
5 Atmospheric Pressure (High Range) 3
6 Atmospheric Pressure (Low Range) 3
7 Call Letters 5
8 Wind Direction 3
9 Vind Velocity 3
10 Temperature 3
11 Atmospheric Pressure (High Range) 3
12 Atmospheric Pressure (Low Range) 3
13 Call Letters 1
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SECTION V
MA INTENANCE
WARNING

AUTOMATIC WEATHER TRANSMITTING SET AN/GMT-1(XG-1) DEVELOPS VOLTAGES
WHICH ARE DANGERQUS TO LIFE, MAINTENANCE PERSONNEL MUST OBSERVE SAFETY
PRECAUTIONS AT ALL TIMES. READ AND UNDERSTAND ALL INSTRUCTIONS BEFORE
ATTEMPTING TESTS OR ADJUSTMENTS.

5-1 GENERAL Automatic Weather Transmitting Set AN/GMT-1(XG-1) should
require no maintenance, other than visual inspection, except after each
operaticn of the pneumatic system during test and after each drop of the
station,

5-2 Following any operation of the hammer valves the plug, crush washer,

and fusible tie-down wire must be replaced. The punch should be visually

examined for damage or dullness, if necessary a replacement from the spare
parts should be installed. The punch holder should then be lightly oiled

with MIL-L-6085A lubricant.

5-~3 MAINTENANCE REQUIRED FOLLOWING A STATION DROP When a station is
recovered following a drop, it will require maintenance to ready it for
another operation consisting of:

1. Replacement of nose section and foamed plastic insert.

2. Replacement of tail cone.

3. Battery charge and complete electrical system checks.

4, Pneumatic system charge and check.

5. Complete visual inspection and repair of any damage found.
6. Parachute replacement or re-pack.

5-4 To replace the nose section remove the old one by removing all screws
holding it in place. If not too badly damaged, it can be used again after
pounding out dents to restore original shape. The foamed plastic insert
will have to be replaced if damaged.

5-5 The original tail cone will probably be damaged beyond repalr.. It is

doubtful if it can be salvaged. Q}{f“ G e // P S S O

"~

5-6 The battery should be recharged (See Sectibn 1I, paragraph 2-7) and
the complete electrical system operation check made as follows:

1. Tune the transmitter per Section II paragraph 2-13.

2. After the transmitter has been tuned, turn main switch S-101 to
OFF. Place the timer by-pass switch in the OFF position and the carrier
switch in the OFF position.

3. Manually operate the clock contact by using the knob so that the
contact is almost made.

4, Place main switch S-101 in the ON position.

5. The clock should now operate and as soon as its contacts close,
the station should enter a normal transmission cycle.
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6. The output of the transmitter should be monitored.

5-7 The pneumatic system should be charged per Section II, paragraph 2-10.
All plumbing of the system should be given a thorough visual examination
for damage of any kind.

5-8 A thorough visual inspection should be made of the entire unit. Any
part damaged should be repaired or replaced. The silicone rubber housings
which are placed around the legs to prevent entrance of snow or moisture
are very susceptible to tearing if damaged in any way. Any of these items
which are damaged should be replaced.

5-9 When it is desired to raise the legs, the following procedure is used:

1. Remove the handhole cover PRESSURE TANK for access to the check
valve,

2. Loosen the tubing connector on the leg jack side of the check valve,
This will allow gas to escape as the leg is raised.

3. Raise the station so that the leg will be free.

4. Using thumb and forefinger spread the locking ring apart (See
Figure 5-1) at the same time pushing it slightly toward the inside.

. 5. With the other hand take hold of the leg and raise it slowly.
Manipulate the locking ring until the leg slips past it. The leg can then
be raised to its proper position.

6. After all legs have been raised and secured with the leg hold wires,
tighten the loosened connection in the pneumatic line.

5«10 Before the station can be dropped again, it will require another
parachute. A new one can be used or the old one can be repacked if re-
covered.

5-11 PACKING PARACHUTE The necessity for care and accuracy in packing a
parachute cannot be overemphasized. Carelessness, such as misplacing a
stow hook or shot bag, leaving knots in the suspension lines, or dropping

a suspension line while stowing in the stow loop, can cause the parachute
to malfunction. Each step in the packing procedures must be carefully per-
formed.

5-12 SHAKEOUT The purpose of the shakeout operation is to remove from
the parachute all foreign matter that may have been picked up while the
canopy and suspension lines were on the ground after a previous Jump.

The shakeout is performed either in a shakeout room indoors or in the shake-
out tower outdoors. A 1/4-inch cotton rope, fitted with a metal snap
fastener and runthrough an overhead pulley, is used to raise the parachute
above the ground for the shakeout operation. A two-man team is generally
used for the shakeout operation. During the following shakeout procedure,
both the No. 1 man and the No. 2 man should look for any holes, rips, or
snags in any component of the parachute assembly and note any such damage
in order to facilitate the later formal inspection.
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a. The No. 1 man holds the bridle loop while the No. 2 man attaches
the snap fastener to the loop.

b, The No. 2 man then pulls on the rope and raises the canopy until
the skirt is raised slightly above the no. 1 man's head., The No. 2 man
holds the canopy in place. The remainder of the suspension lines and the
pack remain in the kit bag, which is usually used to carry the parachute,

c. The No. 1 man grasps any line at the skirt in his left hand and
grasps the line to the right of the first line in his right hand. He
vigorously shakes these two lines and the gore between them, making sure
that all debris falls out of the gore. After looking up into the canopy
to make sure that the gore is clear of debris, he passes the second line-
to his left hand.

d. Grasping the next consecutive line in his right hand, he repeats
this shakeout process, working around the canopy until all debris has been
shaken free from each gore and all the lines are in his left hand.

e. The No. 2 man then slowly raises the canopy higher, thereby pulling

the suspension lines from the kit bag. At the same time the No. 1 man
clears the suspension lines of foreign matter,

f. Closing the bag and putting it aside momentarily, the No. 1 man
then shakes all debris from the harness and pack. He replaces the pack
in the kit bag, with flaps up, and places the harness on top of the pack.

g. The No. 2 man slowly lowers the canopy while the No. 1 man coils
the suspension lines onto the pack and harness.

he When the skirt of the canopy is low enough, the No. 1 man grasps
line 30 in his right hand and line 1 in his left hand and completely
wraps the gore between these lines around the rest of the canopy.

i. As the No, 2 man continues to lower the canopy, the No. 1 man
accordion-folds it into the kit bag, and then closes the kit bag. The
parachute is now ready to be taken to the packing table for inspection and
packing, or to be placed in temporary storage,

5=-13 LAYOUT Open kit bag and remove parachute, placing it on packing
table, '

a. Grasp bridle loop and stretch parachute out the full length of
table.

b. Attach bridle loop to one end of table.

c. Attach connector links to tension board at other end of table,
In proper layout, the risers with € lines tied to each link will be on
the bottom and the risers with 7 lines tied to each link will be on top.

d. Facing connector links, stand at skirt and take line 30 in left
hand and 1ine 1 in right hand and then walk toward connector links, al-
lowing lines to slip through fingers. Then trace out lines 16 and 15 in
the same manner.

e. If these lines do not trace out, determine cause by following
procedures given in paragraph 5-15., If lines 30 and 1 do trace out to
the top inside of the connector links, return to skirt and arrange canopy
so that top center gore (No. 30) is on top.

f. Separate the two groups of lines by taking line 30 in right hand
and raising hand until line 29 is raised free of the other lines. Then
grasp line 29 in left hand, raising hand until line 28 is clear, Pass
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line 29 to right hand. Continue until all lines from 30 through 16,
inclusive, are grasped in the right hand. Lines 30 through 16 are known
as the right group; lines 1 through 1% are known as the left group.

g. Grasp left group in left hand. Spread the two groups of lines
apart. The gore between lines 30 and 1, which is known as the top center -
gore, should always be on top when the parachute is laid out. The gore
between lines 15 and 16, which is known as the bottom center gore, should
always be on the bottom when the parachute is laid out.

8-14 DETERMINING PROPER LAYOUT If the parachute cannot be properly laid
out (See paragraph 5-13), one or more faulty conditions are present in the
canopy or suspension lines. These conditions must be corrected in the fol-
lowing order before the parachute can be laid out:

a, INVERSION An inverted canopy is one which has been completely
turned inside out.

1. Cause An inverted canopy is usually caused by improper
handling during recovery.

2. Identification An inversion is identified by the following
conditions:

a, V-tapes sewn to the lcwer lateral band are visible.

b. Gore numbers are not readable and are to the right of
their respective suspension lines, rather than to the left.

¢. Upper lateral band is turned so that suspension lines
stitched at the band are not visible.

d. Data stamped on gore 30 are not readable.

3. Remedy Trace any line from inside of lower lateral band to
apex. Grasp bridle loop and pull apex down through and between any
two adjacent lines.,

b. TURN A turn is present in the suspension lines when one group of
lines rotates completely around the other group.

1. Cause A turn is usually caused by rotation of the pack or
canopy during recovery.

2. Identification A turn is identified by the fact that the sus-
pension line groups cannot be completely separated.

3. Remedy Remove turn by rotating pack in opposite direction
from turn.

c. TANGLE A tangle is the improper crossing of suspension lines
between opposite groups.

1. Cause A tangle is caused when the pack tray rotates through
one group of suspension lines. A tangle can occur in the air or
on the ground.

2. Identification A tangle is present when it is impossible to
separate the two groups of suspension lines,

3. Remedy A tangle can be removed only at the point where the
suspension lines of one group encircle the other., To remove a
tangle, start separating the two groups of lines at skirt and
continue down lines until tangles are worked into a small group
near connector links. Grasp top tangle with left hand and pull
it out far enough to draw pack through loop in lines. To draw
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pack through loop, reach through loop with right hand and grasping
all four risers, pull the pack straight back through the tangle.
Do not allow pack to turn. If there is more than one tangle,
repeat above process until all tangles are removed,

d. TWIST A twist is the improper crossing of suspension lines within
a respective group of lines.

1. Cause A twist is usually caused when a pack or canopy
becomes turned between the two main groups of suspension lines
during recovery.

2. Identification A twist is present when lines 1 and 30 cannot
be checked out properly.

3. Remedy Remove a twist by rotating pack between the two main
groups of suspension lines. If twists loosen, continue rotating
pack until twists are removed. If twists tighten, rotate pack in
opposite direction until twists are removed,

5-15 RIGGER ROLL The rigger roll is a method of preparing the unpacked
parachute so that it can be stored in a neat and orderly manner until it
is packed. After the parachute is properly laid out, proceed as follows:

a. Turn pack over and fold harness on top of pack.

b, Move to the skirt of the canopy. Grasping right and left groups
separately, turn canopy over so that top center gore is underneath and next
to table.

c. Using a fast circular motion. flip the two groups of gores up and
towards each other, making two distinct rolls of the groups.

d. Replace parachute on table, and roll groups tight and close to each
other, ‘

e. Unfasten bridle loop and fold apex down to within 18 inches of skirt
so that canopy is folded to about one-half its length, with the upper half
lying between the two groups of rolled gores.,

f. Roll parachute from folded end toward skirt, being careful to see
that the roll does not exceed 14 inches in width. ]

g. Continue by rolling suspension lines and harness risers around the
outside center, and place the completely rolled parachute on pack.

h. Place waistband over canopy and tighten at the adjuster. When
canopy is rolled in this manner, the top center gore (30) is on the out-
side of the roll. Since the serial number of the parachute is stenciled on
the top center gore, the serial number may be read without unrolling the
parachute,

5-16 INSPECTING MAIN PARACHUTE All parachutes that are issued for service
will be inspected thoroughly for general condition and serviceability ac-
cording to SR 742-295-5. The following points will be covered in a complete
repack inspection:

a. Pack_and Deployment Bag Carefully observe condition of pack and
deployment bag, watching for any defects or deterioration, or for any stains
likely to cause deterioration of contents of pack. Look particularly for
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damaged stitching, for rusted or defective snaps or other defective hard-
ware, and for tears or frays around mouth of bag. Since the deployment
bag is made of one thickness of duck, any oil or acid on the bag might
very easily soak throuagh to the canopy.

b. Canopy With the left group of gores lying on top of the right
group, begin at skirt and carefully check fabric of uppermost aore, espe-
cially in the pressure area, looking for line burns, holes, tears, stains,
adhering foreign matter, and loose or broken stitching. When one gore has

been thoroughly inspected, flip it over and inspect the next gore, Continue

above procedure until all gores have been inspected. Never test condition
of fabric by attempting to tear it; pulling vigorously enough to test the
fabric will twist the weave and weaken the nylon.

¢. Suspension Lines Beginning at point of attachment of lines to
skirt, inspect each suspension line for snags and frays. See that there
are no knots or splices in lines. Look particularly for rust where line
is attached to connector link and for damaged or broken zigzag stitching
at connector links and skirt. Check apex lines for similar defects.

d. Harness Inspect harness webbing for fraying, cuts, oil or acid
stains, and loose or broken stitching. Check harness hardware for rust,
excessive dirt, and rough spots, and for proper operation. The harness
release assembly must be inspected thoroughly by inserting strap lugs
into the assembly, locking the assembly, and then releasing the strap lugs
again. The operation of the release assembly should be smooth and decisive.
If there is any doubt about the proper functioning of the release assembly,
the assembly should be replaced.

5-17 FOLDING GORES After inspection has been completed, lay out parachute
as described in paragraph 5-13. Be sure that enough tension is applied
to parachute so that lines will snap against table if pulled up and re-
leased. Then proceed as follows:

a. Move to skirt of canopy and separate the two groups of gores.
Reach under right group of suspension lines and grasp left group with right
hand. With left hand, fl.p right group of lines over left group of lines,
at the same time pulling left group over to right side of table. Re-
lease both groups of lines.

b. With right hand pick up line 16 (top line in right group), and
hold it slightly to right of table with thumb and forefinger, with V-tape
dovn,

c. Pick up line 17 with left hand and hold this line up so that
entire gore between lines 16 and 17 is extended.

d. Bring left hand down to right hand in a semicircular snapping
motion so that air within gore will be forced out, moving gore to right
and allowing it to settle in a folded position along right edge of table.

e. Place line 17 directly on top of line 16, and hold both lines
with thumb and forefinger of right hand. With left hand, pick up line
18 and fold gore as in (d) above., Continue folding gores until line 30
is held in right hand.

£. Now take folded group of lines 16 through 30 between thumb and
forefinger of left hand and place them between middle and index fingers
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of right hand, turning lines a quarter-turn clockwise so that right group
of lines is parallel to table with line 30 to the right. Bring right hand
down to edge of table.

g. Next fold gores 1 through 15, placing their respective lines
between right thumb and index finger. These gores are folded as in (a)
through (f) above, except for the last gore.

h. After line 14 is placed on top of line 13, take line 15 and raise
it straight up, crooking left elbow inside left side of raised skirt.

Blow down inside the canopy so that gores 14 and 15 are blossomed, Lower
line 15 on top of line 14 so that the two gores are separated. Gore 14 now
lies to the right and gore 15 to the left,

i. Holding lines tight in right hand, pull lines out to side until
folded gores slide off table at right.

j. Taking the line separator, base up and toward apex, slide it over
the two groups of lines so that base extends over V-tapes.

k. Holding line separator tight against folded gores with left hand,
slide right hand up along canopy about one arm's length. Grasp channel
(folded edge), pull canopy off table, and ease it back on table in order to
smooth the bottom gore. After parachute is eased back onto table, gore 14
will be on left and gore 15 on right.

1. Now place line separator base down on table. Check skirt of canopy.
The V-tapes of the right group should be turned down, and the tapes of the
left group turned up.

m. Place a shot bag over the lines where they are held by the
separator.

n. Flip left group of gores over to left side of table, and dress the
two bottom gores. To dress gores, start at skirt of canopy and pull with
fingers, using equal pressure along edge of skirt.

o. Returning to skirt, dress remaining gores. The dressed edges of
the folded gores will not present a straight line appearance, because of the
shape of the T-10 canopy. The canopy is slightly wider about 2 feet above
the lower lateral band than it is at the band.

p. Dress the skirt of canopy by turning folded gores up toward the
channel at a 45-degree angle and laying them out flat again, pulling gently
at each gore during the procedure.

gq. Count gores, starting at bottom gore, to make sure that there are
15 gores in each group. Be sure gore 30 is on top of left group and gore 15
is on bottom of right group. Check to see that channel is clear of canopy
fabric. If channel is not clear, correct by dressing canopy gore in area
where fabric appears to be in channel, If channel cannot be cleared by above
method, refold canopy. After a final check, the canopy is ready for the long
fold.

5-18 LONG FOLD Grasp cornexr of right group of gores. resting right hand on
edge of folded gores about 8 inches from skirt. Fold gore corners back so
that skirts of these gores are parallel to channel., Repeat above procedures
with left group of gores.

a. Moving along canopy toward apex, continue folding right group of
gores across channel., Place shot bags at intervals along canopy to hold
folded gores.
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b. Repeat procedure in (a) above with left group of gores until
canopy has been completely folded. Canopy should be folded to within
48 inches of the apex, the folds tapering from 10 inches wide at the
skirt to 6 inches wide near the apex.

5-19 STOWING CANOPY Stow the canopy in deployment bag (See Figures
5-2, 5-3, 5-4, 5~5, 5-6, and 5-7)

a, Continue stowing canopy alternately from left to right in a zig-
zag fashion, making each fold the width of the bag.

b. When canopy skirt nears mouth of bag, neat stowing becomes dif-
ficult. Therefore, grasp suspension lines and push remainder of caropy
into bag so that lines come straight out of mouth of bag.

NOTE:
A parachute rigger kit is furnished.

5-20 CALIBRATION AND ALIGNMENT Automatic Weather Transmitting Set
AN/GMT-1(XG-1) was given a final calibration and alignment prior to shipping.
No adjustment should be necessary except transmitter tuning (See Section II
paragraph 2-13)

5-21 If, during a practice transmission test (paragraph 5-6), any trans-
mitted characters are incorrectly spaced, erratic in any manner, or are
missing entirely, the coding mechanism should be examined.

CAUTION

The rebalance potentiometer R201 and code selector switches $-204 and
$-20% should not be tampered with unless absolutely necessary.

5-22 The brushes contacting code wheel S-203 and sequencing switch S-201
should be examined to see that they extend equal distances beyond the brush
holders and that they have enough tension to make contact with the wheel
segments. If they do not extend equal distances beyond the brush holders,
characters may be run together erroneously. If they do not maintain contact
with the code wheel, characters may be missing entirely. If the contact
groove of the wheel is dirty or corroded, the brush may make intermittent
contact as the wheel revolves. This will result in the erratic characters.

5-23 CODING MECHANISM ALIGNMENT For access to the code selection
mechanism, the lid, front cover plate, rear cover plate, and gear cover
may be removed. Care must be taken not to break any wired connections.
(See Figures 5-8 and 5-9)

5-24 Care must be taken to always turn the wheels in the proper direction
to avoid damage to the brushes.
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5-25 All brushes should be straight and extend equal length beyond the
brush holder, A simple method of adjusting the relative position of the
wheels is to loosen the set screws of the external gears on sequencing
switch shaft and drive motor B-202 shaft. This will permit rotation of
the code wheel by holding the sequencing switch stationary. These wheels
should be aligned so that the sequencing switch applies voltages to the
bridge amplifier and A,C, bridge circuit for rebalancing just after the
longest code letters B and V have left the third set of brushes.

5-26 To adjust the switch operating cam, loosen the set screws in the cam
and rotate it to a position so that S-202 opens just after the code wheel
sends the first call letter code group. All set screws should be tightened
after completion of this alignment.

5-27 1In the upper code selector mechanism, selector switches S-204 and S-205
must be aligned with each other, with the mechanical stop, and with the
rebalance potentiometer R-201. If the high speed selector switch S-205

is out of alignment with the stop, loosen the set screws in this arm, turn
the large gear clockwise as viewed in Figure 4-5 until the pin touches the
spring stop. Holding it in this position, turn the lower switch arm until

it is connected with the letter M,

NCTE:

To ascertain if the arm is contacting a particular letter or letters,
several methods can be used. A visual or ohmmeter check is the easiest
method., If main switch S-101 is ON with the test unit connected to J-105
with the timer by-pass switch ON and S-207 on the coding mechanism in the
CALIB position, the equipment will be energized but will remain stopped in
that part of the transmission cycle in which S-207 was changed from the
OPERATE to CALIB position. A calibrating unit connected to J=-302 will
indicate by means of lights which characters would be sent if the equipment
was operating,

5-28 Tighten set screws in the lower arm then turn the large gear counter=-
clockwise until it touches the stop in the opposite direction. The lower
switch arm should then be contacting the letter D. Then, tighten the set
screws in this arm and loosen those in the large gear, Starting with the
large gear in the last position, turn it clockwise approximately 24 degrees
until the lower arm S-205 is equally on the U and N buttons forming the
letter M, Holding it in this position, turn the upper switch arm S-204

until it is just changing from I to A, This occurs when the contact arm
first touches the T button. This position should be determined very accurate-
ly by electrical means. Then, tighten set screws in the large gear. The

two selector switches should now be aligned with each other and with the
mechanical stop. As a check rotate the large gear clockwise stopping at each
crossover point to be sure that they occur in the correct place. A cross-
over point is that point at which switch S-204 changes contact to form a
different letter. This should occur when the lower contact arm of S-205

is about midway in a letter. (See the Code Letter Versus Resistance Table
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for the crossover points.) If these crossover points do not occur pro~
perly, it may mean that the upper contact arm is deflected to the wrong
radius. Bending this arm to the proper radius of 0.555 inches from the
center of the shaft should correct this difficulty.

5-29 The next step is the positioning of the rebalance potentiometer
R-201. To accomplish this it is convenient to have the bridge amplifier
and rebalancing circuits in operation with the calibrate variable
resistance, such as the decade box, connected in place of the weather
element transducer. This is accomplished by removing P-202 and P-402

and connecting the variable resistance between J-402 and ground. These
adjustments should be made in an ambient temperature of 70°F and the
bridge should not be operated over 5 minutes at a time without allowing
the resistance to cool. Final check should be made if the system has set
idle for approximately one hour. Manually turn the large gear until the
code selector switches $-204 and S-205 contact the letters I and V, for
instance. These letters should indicate a rcsistance shown on the Code
Letter Versus Resistance Table provided. Disconnect P-403 and connect
the ohmmeter to this plug. Loosen the mounting nuts on the potentiometer
R-201 and rotate it until the ohmmeter reads 225 plus the value shown on
the Code Letter Versus Resistance Table for this point. Partially
tighten one mounting nut and connect P-403 to J-403 removing the ohmmeter.
The system should then be put into operation using a suitable meter.

Set the decade resistance box to the required resistance and rotate
potentiometer R-201 slightly until the contact arm of S=-205 is centered
on the contact V. Then tighten securely the mounting nuts on R-201. The
positioning of R-201 should now be correct.

5-30 The code mechanism alignment should now be checked by comparing code
letter versus resistance for adherence to the Code Letter Versus Resistance
Table furnished for that particular coding unit and bridge amplifier.

5-31 CIRCUIT AND COMPONENT TROUBLE SHOOTING Use schematic Figure 7-1 for
circuit tracing.

5-32 The Test Set furnished (See Figure 5=16) can be used to measure:

1. Battery voltage

2. B+

3. Bridge Amplifier plate current

4. Transmitter oscillator plate current plus power amplifier
screen grid current.

5, Transmitter power amplifier plate current.

5-33 Other circuit tracing, resistance readings, and voltage readings,
can be made using a conventional multimeter TS-352/U, Simpson 260,
Weston 790, or equal; or a Vacuum Tube Voltmeter TS-375/U, Radio City
662, or equal., Figures 5-8 through 5-15 should be consulted for
component locations.
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AN/GMT-1(XG-~1) NAVAER 50-30GMT1-501
SECTION V
PARAGRAPH 5-34

5-34 CALIBRATING UNIT A Calibrating Unit, Automatic Weather Transmitting
Set, AN/GMT-1(XG-1) is furnished with the equipment, including a cable to
connect it to J-302 on the coding mechanism. It is used only if and when
a unit requires alignment. When the calibrating unit is connected to
J-302, and S-207 is switched to CALIB with the equipment turned on, B-202
will cease to operate and the lights on the calibrating unit will indicate
which code letters would be transmitted. The equipment can be operated

to any other position in its cycle of operation from the calibrating unit.
§-200 on this calibrating unit will operate K-103 to rebalance the bridge
during alignment.
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STATEMENT OF PROBLEM

BuShips problem NE 140117 (NEL 5D1): ‘‘Conduct research
on, design, develop, and test a parachute-type expendable
automatic weather station.*’

CONCLUSIONS

1. The equipment constructed at NEL is capable of sampling
meteorological conditions and transmitting 3-minute mes-
sages every 6 hours for a period of 2 weeks.

2. Coded data can be received by standard ship, shore, or
aircraft radio receivers, with no auxiliary recording equip-
ment required.

3. Within the limits of the testing facilities available at NEL,
the meteorological instruments contained in the Laboratory-
designed equipment are within the limits of accuracy specified.

RECOMMENDATIONS

1. Perform additional meteorological instrument calibration
tests where more adequate facilities are available than at
NEL. ‘

2. Conduct further operational tests (a) under conditions of
heavy rainfall and high winds, and (b) in mountainous country
under snow conditions.

3. When an adequate number of stations (10 or more) have
been constructed, perform operational service tests which in-
clude:

a. Drop tests in mountainous terrain (1) at several surface
elevations, (2) on soft snow surfaces, and (3) on snow
crust,

b. Tests in Arctic regions.

4. Follow up design improvements suggested in this report
that have resulted from information gained from tests to date.
5. Review the accuracy limitations set forth in the specifi-
cations. ’

WORK SUMMARY

A parachute-type weather station, capable of being dropped
from aircraft and automatically transmitting coded informa-
tion from sampled meteorological conditions, was built.
Weather instruments incorporated in the equipment were cali-
brated and tested. Operational tests of the station were con-
ducted in snow-covered regions in the Sierra Nevada Mountains.

Personnel engaged in this development problem were C.J.

7 Casselman and D.P. Heritage of the Radio Branch, Develop-

.

ment Division and 8.F. Moran, S.E. Welk, and W.E. Ballard of
the Mechanical Development Branch, Development Division,
U.S. Navy Electronics Laboratory.

This report covers work to 8 December 1950.
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desired characteristics

Listed below are the more important requirements set
forth in the Bureau of Ships problem assignment.

1. The equipment must be transportable by air, and rugged
enough to withstand parachute drops.

2. The information transmitted from the unit shall be of
such a nature as to permit reception by standard ship, shore,
or aircraft radio receivers within range, without auxiliary re-
cording equipment.

3. The meteorological instruments shall cover the follow-
ing ranges, and possess the indicated accuracies:

Temperature: -70°F to +110°F, with an accuracy of +2°F
at any point in the range.

Pressure: 580 to 1060 millibars in seven overlapping
ranges; each range to be 120 mb, with an accuracy of +1.5
mb.

Relative Humidity: This quantity shall be measured in
three ranges: (a) 15 per cent to 95 per cent (at temper-
atures of from +110°F to +30°F) with an accuracy of +5
per cent; (b) 25 per cent to 95 per cent (at temperatures
of from +30°F to 0°F) with an accuracy of +10 per cent;
and (c) 40 per cent to 95 per cent (at temperatures of
from OCF to -40°F) with an accuracy of +20 per cent.

Wind Direction: 0° to 360°, with an accuracy of +7°.

Wind Velocity: 5 to 80 knots, with the following accura-
cies: +3 knots in the range 5 to 20 knots; 15 knots in the
range 20 to 40 knots; +7 knots in the range 40 to 60 knots;
and +9 knots in the range 60 to 80 knots.

4. The weight of the equipment, complete with parachute,
shall not exceed 200 pounds, and the outside dimensions of
the equipment shall be such that it may be carried on either
external or internal bomb racks.

5. After the unit comes to rest on the ground, means shall
be provided to orient the unit into an upright position. The
self-righting mechanism shall be capable of erecting the equip-
ment on surfaces sloping as much as 45°,

6. The battery used to supply power for the equipment
shall have sufficient capacity at -70°F to allow 56 complete
transmissions, corresponding to one transmission every 6 hours
for 14 days.

4 RESTRICTED
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design considerations

A pneumatic svstem for uprighting the weather station was
selected in place of spring-loaded legs, because the pneumatic
arrangement provides more power and control than the springs.
Tests of the CFXL equipment on sloping terrain showed that
the rather violent righting action resulting from the use of
springs could cause the stition to topple over, thus rendering
it useless. By the use of suitable restrictors in the pneumatic
lines, the self-righting process can be controlled to the de-
sired speed.

International Morse Code was chosen for the transmission
of weather-station information, since no additional equipment
is needed at the receiving location. Basic code letters and
the method of combining to form new letters were suggested
by the Bureau of Standards.

Weather quantities are converted in the equipment to a
variable resistance, upon which the operation of the coding
mechanism depends. Mechanical coupling is used between
the weather-measuring instruments and low-torque potenti-
ometers. The reason for this choice, which was made early
in the development of the weather station, was that, although
all-electronic instruments were considered most desirable,
instruments of this type were not considered practical for all
five weather quantities. By a proper choice of potentiometer
value, all five transducers were made to cover exactly the
same resistance range. This design feature was one which
simplified the associated self-balancing bridge circuitry.

In the design of a wind-direction transducer, the major
problem was correlating the position of the wind vane with
true, or magnetic, north. Many methods were considered,
such as the use of a gyroscope, automatic direction finder,
and flux-gate compass. The system chosen for the weather
station, however, is a specially constructed magnetic compass
coupled to a microtorque potentiometer. Relative simplicity
of construction, lack of additional power requirements, and
relatively low cost were the major reasons for this choice.
The assignment letter suggested the investigation of gyroscopes
for this application, but the following problems appeared to be
too formidable: Drift might be excessive when the equipment
is required to run for periods of time up to 10 minutes. There
is a high probability of gimbal lock when the weather station
rolls or bounces in various positions. The cost per unit is
high, and there is a possibility of subjecting precision bearings
to excessive shock.

RESTRICTED 5
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DESCRIPTION OF WEATHER STATION
general

The NEL-designed weather station (shown in figure 1) con-
sists of a bomb-shaped aluminum alloy structure containing
a parachute, battery-powered transmitter, telescopic antenna,
self-erecting mechanism, meteorological instruments, coding
mechanism, and associated components. The over-all length
is 6 feet, 8 inches, and the diameter of the case proper is
18-1/2 inches. However, stabilizing fins, which are arranged
as shown in figure 2, extend radially an additional 8 inches.

The equipment can be carried on external wing racks at
speeds up to 350 knots, and dropped at speeds up to 225 knots.
A 30-foot '*extended-skirt’’ type parachute canopy lowers the
station at a rate of approximately 15 feet per second when
dropped from altitudes in the vicinity of 1000 feet above sea
level.

After the station reaches the ground, a parachute ground-
release assembly (figure 3) disconnects the parachute to
prevent dragging the equipment. A predetermined time later,
an inert gas under a pressure of approximately 1000 psi is
released into a pneumatic system, erecting the station by
forcing six legs outward and downward, and at the same time
extending a telescopic transmitting antenna. A check valve
in the main line to the leg jacks maintains the pressure in
these jacks, but, as an added safety feature, locking rings
are provided in case a leak develops in the leg-jack system.

Figure 1.

Automatic weather station.
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Figure 2. Weather station mounted on wing rack of F8F.
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Figure 3. Tail cone partially installed in position.
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Meteorological information is automatically transmitted
at predetermined regular intervals on a frequency of 5072.5
kc, with a power output of 15 watts. These data are in the
form of 3-letter code groups (International Morse) which can
be readily converted to temperature, pressure, etc., by means
of simple graphs or charts. The information for one com-
plete transmission is transmitted in the sequence indicated in
table 1.

Table 1. Transmission sequence.

Order of Number of
Transmission Code Group Sent Repetitions

1 Identification Call 4

2 Wind Direction 3

3 Wind Velocity 3

4 Temperature 3

5 Atmospheric Pressure 3

6 Relative Humidity 3

7 Identification Call 5

8 Wind Direction 3

9 Wind Velocity 3

10 Temperature 3

11 Atmospheric Pressure . 3

12 Relative Humidity 3

13 Identification Call 1

8 RESTRICTED
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An automobile-type clock equipped with suitable contacts
is used to start each transmission at any predetermined
quarter-hour.

All five weather transducers in the station change meteoro-
logical quantities to resistance by means of mechanical coup-
ling between the moving element and a low-torque potentiometer.
Thus, the output of each instrument represents a variable re-
sistance between the limits 0-to-2000 ohms.

Power for the equipment is furnished by a special 12-volt
lead-acid type battery, plate voltage for the transmitter and
self-balancing bridge being obtained from a modified Mallory
vibrator.

A simple piece of auxiliary test equipment (figure 4) is
provided with the weather station for convenience in check-
ing the electronic equipment and keying the transmitter when
it is mounted in the station or on the test bench. This test
set plugs into the front of the power and timing unit, and al-
lows rapid measurement of battery voltage, vibrator output
voltage, power -amptlifier plate current, bridge-amplifier
plate current, and the combination of the power-amplifier
screen grid current and oscillator plate current.

Figure 4. Test set.
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sequence of operations

The sequence of operations of the weather station, from
the time it is dropped from the aircraft until it has completed
its first transmission is outlined below:

1. The weather station is released from the aircraft
bomb shackle.

2. A static cord releases the tail cone tie-down cables
(figure 5).

3. The spring-loaded tail cone (figure 6) is ejected, de-
ploying the parachute, and simultaneously startihg the erec-
tion-delay timer.

4. The weight of the weather station removes spring
pressure from the locking pin in the parachute ground-release
assembly, allowing the pin to fall free.

5. When the station strikes the ground, weight is re-
moved from the parachute ground-release assembly, automati-
cally releasing the parachute.

6. The station comes to a stop, and remains in this posi-
tion until the erection-delay switch closes. The self-righting
valve is then opened, allowing gas to flow into the pneumatic
uprighting system.

7. Simultaneously, by gas pressure: (a) The post release
is actuated, ejecting a spring-loaded center supporting post.
This post, which projects above the top deck as shown in fig-
ure 7, must be removed to allow the wind vane to rotate. Its
ejection is also an additional safety feature which assures the
separation of the parachute from the station in the event the
ground-release assembly fouls. (b) The leg release is actu-
ated, freeing the leg-hold wires. (The four stabilizing fins
fall free.) (c) Leg jacks force the six legs outward and down-"
ward, erecting the station to a position perpendicular to the
ground. A check valve in the main line to the leg jacks pre-
vents collapse of the station if gas should leak from the sys-
tem ahead of the check valve.

8. Forty-five seconds after the erection-delay switch
closes, a thermal time-delay reléy opens the antenna erection
valve, extending the telescopic antenna.

The weather station is now ready to start its transmission
schedule of meteorological measurements. The starting
time of transmission is determined by the preset arrange-
ment of the clock contacts in the timing unit (figure 8).

9. At the predetermined time the clock contacts close,
and voltage is applied to the vacuum-tube heaters, as well as

to a thermal time-delay relay.
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Figure 6. Tail cone.
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Figure 7. Weather station structure.
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ISLCLOCK TRANSMISSION -
CONTACTS TIME SELECTOR
SWITCHES

Figure 8. Power supply and timing unit.

10. After a delay of 30 seconds for the equipment to warm
up, the time-delay relay closes, applying voltage to the vibra-
tor and code-selection-mechanism motor.

11. A microswitch, in parallel with the clock contacts, keeps
dc applied to the proper relays until the complete sequence of
code groups has been transmitted. At the end of this time, a
cam opens the microswitch, removing all voltages from the
electronic equipment.

The equipment is now in stand-by condition until the clock
contacts again close to start the next transmission.
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interpretation of transmitted data

The sample work sheet shown in figure 9 has been filled
out to show the code groups converted to weather data. The
code-letter versus resistance chart (table 2) is used to convert
the last two letters of each code group to corresponding re-
sistance values. With the exception of atmospheric pressure,
all meteorological quantities can be obtained by direct refer-
ence to the corresponding instrument calibration curves. The
correct atmospheric pressure is obtained by the following
procedure:

1. Determine the necessary temperature correction. In
the example, the air temperature is +105°F, and the resistance
reading is 1110 ohms. Referring to the temperature correc-
tion chart shown in table 3, it is found that, at a temperature
of +105°F and a resistance of 1110 ohms, a correction of 17
ohms is required. Since the air temperature is above +70°F,
this value must be added to the original value of 1110 ohms,
giving a total of 1127 ohms.

2. This new resistance value is then used with the atmos-
pheric pressure calibration curve (figure 10) to determine
the pressure in millibars. It will be noted that this graph con-
sists of a family of curves, with temperature as the para-
meter. Interpolation between the curves yields a pressure
of 1004.2 mb for the example.
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Time of Last Transmission:
Expected Time of Next Transmission:
Date
Time
Location of Transmitter

Serial No. of Weather Station

Call Letters| Wind Dir. | Wind Vel. | Air Temp. | Bar. Press.| Rel. Hum,] Call Letters
NI E ByE V7/ M/ UBT SNT NIE
NIE BvE vr/ Tm/ UET SNT NIEB

EVALUATION OF WX TRANSMISSION

Temperature correction applied ONLY to the barometric pressure transmission.
If the air temperature is above 70°F, the correction is added.

If the air temperature is below 70°F, the correction is subtracted.

. " | Temperature] Corrected| Corrected
Resistance| Correction Resistance Atmospheric
Code Letters| (ohms) (ohms) (ohms) Equivalent
B V E 60 7 | XXXXXXX | XXXXXXX| 395 degrees
v T/ 3zY XXXXXXX | XXXXXXX| /& mph*
T M / /b S56 XXXXXXX | XXXXXXX| + /05 OF
u B T ///0 /7 //Z7 | /OO¥ 2 millibars
s N 7 /670 | XXXXXXX | XXXXXXX| ,§ 2  per centR.H.

*Miles per hour x 0.8684 = knots

Figure 9. Sample data sheet.
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Table 2. Code-letter versus resistance chart for AN/GMT-1(XG-1)
Automatic Weather Station.

ID 0 WG 430 KV 950 UI 1460 -— DN 1978
IS 0 WU 443 BV 955 __UA 1470 DD 1991
IH 0 WM 457 BK 966 MA 1477 __ DS 2005
II 0 WN 471 BB 980 MT 1489 Ss 2010
IA 0 WD 482 BG 991 MW 1502 SH 2023
IT 0 WS 494 BU 1003 MV 1516 SI 2030
IW 10 WH 508 BM 1015 MK 1531 SA 2045
IV 20 _ WI 522 BN 1028 MB 1545 ST 2060
IK 34 WA 535 —BD 1043 MG 1557 SW 2072
IB 48 - WT 549 —BS 1058 MU 1569 SV 2084
IG 60 WW 560 BH 1071 MM 1582 SK 2098
SIU 72 WV 572 — BI 1084 MN 1596 SB 2112
IM 80 WK 587 BA 1097 MD 1611 SG 2127
T AM 84 _ WB 603 —BT 1110 MS 1627 SU 2142
AN 98 ° °VB 609 _ BW 1120 MH 1642 SM 2154
AD 110 VG 618 GW 1125 MI 1656 SN 2166
AS 123 VU 629 GV 1135 T NI 1660 __SD 2177
AH 138 VM 643 GK 1150 NA 1666 HD 2182
Al 153 VN 658 GB 1166 NT 1670 HS 2190
AA 165 VD 670 GG 1178 NW 1687 _—HH 2205
AT 178 VS 680 GU 1190 NV 1705 HI 2221
AW 189 VH 694 GM 1203 NK 1720 HA 2231
AV 200 VI 708 GN 1216 NB 1736  HT 2243
AK 215 VA 721 GD 1230 NG 1751 HW inf
—AB 230 VT 1735 GS 1244 NU 1765 HV inf
AG 242 VW 748 GH 1258 NM 1777 HK inf
AU 254 VvV 762 GIL 1272 NN 1790 HB inf
T TU 264 _VK 1774 GA 1286 ND 1802 HG inf
TM 268 KK 780 __GT 1301 'NS 1815 HU inf
TN 290 KB 790 UT 1305 LNH 1826
TD 300 KG 805 uw 1312. ¥ DH 1830
TS 311 KU 816 UV 1322° DI 1843
TH 322 KM 827 UK 1338 DA 1857
TI 334 ° KN 839 UB 1354 DT 1872
TA 348 KD 854 UG 1368 DW 1886
TT 362 KS 870 UU 1382 DV 1900
TW 376 KH 884 UM 1396 DK 1911
TV 390 KI , 899 UN 1410 DB 1923
TK 403 KA 911 UD 1422 DG 1935
TB 416 KT 925 US 1434 © DU 1948
—_TG 426 KW 937 UH 1447 DM 1963
N Call V Velocity U Pressure
16 RESTRICTED B Direction T Temperature S Humidity -
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Table 3. Temperature correction chart for atmospheric pressure
transmissions.
RESISTANCE
TEMP. (ohms)
oF 100 - 200 300 400 500 600 700 800 900 1000 1100
120 0 0 7 9 11 13 16 18 20 22 24
115 0 0 6 8 10 12 14 16 18 20 22
110 0 0 5 7 9 11 12 14 16 18 20
105 0 0 5 6 8 9 11 12 14 16 17
100 0 0 0 5 7 8 9 11 12 13 15
95 0 0 - 0 6 7 8 9 10 11 12
90 0 0 - - 0 5 6 7 8 9 10
85 0 0 - - - 0 5 5 6 7 7
80 0 0 - - - - 0 0 0 0 5
75 0 0 - - - - 0 0 0 0 0
70 - - - - - - - - - - -
65 0 0 - - - - 0 0 0 0 0
60 0 0 - - - - 0 0 0 0 5
55 0 0 - - - 0 5 5 6 7 7
50 0 0 - - 0 5 6 7 8 9 10
45 0 0 - 0 6 7 8 9 10 11 12
40 0 0 0 5 7 8 9 11 12 13 15
35 0 0 5 6 8 9 11 12 14 16 17
30 0 0 5 7 9 11 12 14 16 18 20
25 0 0 6 8 10 12 14 16 18 20 22
20 0 0 7 9 11 13 16 18 20 22 24
15 0 5 7 10 12 15 17 20 22 24 27
10 0 5 8 11 13 16 19 21 24 27 29
5 0 6 9 12 14 17 20 23 26 29 32
0 0 6 9 12 16 19 22 25 28 31 34
-5 0 7 10 13 17 20 23 27 30 33 37
-10 0 7 11 14 18 21 25 28 32 36 39
-15 0 8 11 15 19 23 26 30 34 38 42
-20 0 8 12 16 20 24 28 32 36 40 44
-25 0 8 13 17 21 25 30 34 38 42 46
=30 0 9 13 18 22 27 31 36 40 44 49
-35 5 9 14 19 23 28 33 37 42 47 51
-40 5 10 15 20 24 29 34 39 44 49 54
-45 5 10 15 20 26 31 36 41 46 51 ~ 56
=50 5 11 16 21 27 32 37 43 48 53 59
-55 6 11 17 22 28 33 39 44 50 56 61
-60 6 12 17 23 29 35 40 46 52 ‘58 63
-65 6 12 18 24 30 36 42 48 54 60\ 66
=70 6 12 19 25 31 37 44 50 56 62 N 68
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Table 3 (Cont'd),

RESISTANCE

TEMP. (ohms)
oF 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
120 27 29 31 33 36 38 40 40 44 A7 49
115 24 26 28 30 32 34 Y6 3% 40 42 44
110 21 23 25 27 28 30 32 14 6 37 49
105 19 20 22 23 25 2 2K 30 3] 33 34
100 16 17 19 20 21 23 24 25 27 28 29
95 13 14 16 17 18 19 20 21 22 23 24
90 11 12 12 13 14 15 16 17 18 19 20
85 ! 8 9 9 10 11 11 12 13 13 14 15
80 ! 5 6 6 7 7 8 8 ] 9 9 10
75 | o 0 0 0 0 0 0 0 0 0 5
70 1 - - - - - - - - - - -
65 | O 0 0 0 0 0 0 0 0 0 5
60 5 6 6 7 7 8 8 8 9 9 10
55 8 9 9 10 11 11 12 13 13 P4 15
50 11 12 12 13 14 15 16 17 18 19 20
45 13 14 16 17 18 19 20 21 22 23 24
40 16 17 19 20 21 23 24 25 7 28 29
35 19 20 22 23 25 26 28 30 31 33 34
30 21 23 25 27 28 30 32 34 36 37 39
25 24 26 28 30 32 34 36 38 40 42 44
20 27 29 31 33 36 38 40 42 44 47 49
15 29 32 34 37 39 42 44 46 49 51 54
10 32 35 37 40 43 45 48 51 53 56 59
5 35 38 40 43 46 49 52 55 58 61 63
0 37 40 44 47 50 53 56 59 62 65 68
-5 40 43 47 50 53 57 60 63 67 70 73
-10 43 46 50 53 57 60 64 68 71 75 78
-15 45 49 53 57 60 64 68 72 75 80 83
-20 48 52 56 60 64 68 72 76 80 84 88
-25 51 55 59 63 68 72 76 80 84 89 93
-30 53 58 62 67 71 75 80 84 89 93 98
-35 56 61 65 70 75 79 84 89 93 98 103
-40 59 63 58 73 78 83 88 93 98 103 107
-45 61 66 71 77 82 87 92 97 102 107 112
-50 64 70 75 80 85 91 96 101 107 112 117
-55 67 72 78 83 89 94 100 106 111 117 122
-60 70 75 81 87 92 98 104 110 115 121 127
-65 72 78 84 89 96 101 108 114 120 126 132
-70 75 81 87 93 100 106 112 118 124 131 137

For temperatures above 700F the corrections are added.
For temperatures below 70°F the corrections are subtracted.
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Figure 10. Atmospheric pressure calibration curve.
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mechanical components

General Structure

The weather station is designed for maximum strength con-
sistent with the weight limitations by using aircraft-type con-
struction of aluminum alloy.

Three decks divide the interior into two main compart-
ments. (See figure 11.) Six side panels are provided to enclose
these compartments, and are utilized to carry some of the im-
pact shock and forces resulting from erecting the station. Lou-
vers at the upper compartment level allow ventilation for the
meteorological instruments. (See figure 1.) Panels attached
to each of the six legs cover the louvers when the station is
stowed and ready for dropping. Four fins, necessary to sta-
bilize the weather station during parachute deployment, are
held securely in place by the leg panels. A polished false deck
is attached to the main top deck by insulating spacers to reduce
the heating effects of the sun.

The battery is contained in a hemispherical nose section
below the lower deck. An air-filled plastic ball is placed be-
tween the battery box and the nose section to absorb some of
the landing shock. As an additional shock absorber, the hemi-
spherical aluminum alloy nose section is made so that it will
partially crush on impact.

The cone-shaped tail section (figure 6) contains the para-
chute packed in a special deployment bag. During an early
phase of the drop, the tail section is ejected by means of com-
pressed springs allowing the parachute to deploy.

Self-Righting Mechanism

Erection of the weather station is accomplished by means
of a pneumatic system consisting of a cylindrical pressure
tank (figure 11) containing helium at a nominal pressure of 1000
psi, six pneumatic leg jacks, a hammer-actuated valve (figures
12 and 13), suitable restrictors, and interconnecting tubing.

A second hammer-actuated valve releases gas pressure to
the lower end of a telescopic antenna, forcing it to extend. The
sections of tubing are locked in the extended position by the use
of tapered upper ends and flared lower ends.
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Figure 11. _
Self-righting mechanism.

Figure 12.
Hammer valve assembly.
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Figure 13. Pictorial of hammer valve.
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Parachute

The parachute design and fabrication were undertaken by
the Parachute Experimental Unit at El Centro, California.
Requirements for the system were (1) sufficient structural
strength to withstand dynamic loads at speeds up to 225 knots
with a suspended load of 200 pounds and (2) maximum de-
scent rate of 18 feet per second.

Numerous tests were made to determine a design that
would provide maximum stability and, at the same time, sub-
ject the weather station to minimum deceleration. An extended-
skirt type parachute proved to be the only design tested which
would satisfy the performance requirements without exceed-
ing the allowable packing volume. Upon completion of approxi-
mately 1600 dummy drop tests, it was determined that an ex-
tended-skirt canopy 30 feet in diameter (incorporating an ex-
tension of 12.5 per cent of the diameter) would be an optimum
configuration. Design information, specifications, and fabri-
cation data are contained in reference 4 (see list of references).

electric and electronic components

Power Supply

Power for the weather station is furnished by a special
purpose, lead-acid type storage battery (see figure 14), Type
BB-242/U, manufactured by the Willard Storage Battery Com-
pany. The battery weighs 31 pounds, and its over-all dimen-
sions are 8 x 7-3/4 x 6-1/4 inches. At -70°F, the battery has
sufficient capacity to allow a 3-minute transmission every
6 hours for a period of 2 weeks. At higher temperatures,
there will be a corresponding increase in operating life.3 In
regions where subzero temperatures are expected, the specific
gravity of the electrolyte should be increased from its normal
value of 1.285 to 1.350.

The battery is mounted in a tight-fitting aluminum case,
which is packed in the main battery box with excelsior (or
spun glass for low temperatures). This packing arrangement
is used because some trouble was experienced with the plastic
cases cracking during early experiments.

Plate voltage for the transmitter and self-balancing bridge,
as well as ac for the bridge, are obtained from a type VP-G556,
12-volt Mallory Vibrapack mounted in the power and timing
unit.
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Figure 14. Storage battery.
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Transmitter and Antenna

The main features of the transmitter and antenna coupling
design are simplicity of the circuitry employed and ease of
tuning. Only one control is required.

The transmitter consists of a Pierce-type, crystal-con-
trolled oscillator (see figure 15), employing a type 6C4 tube,
which drives a 2E26 Class C amplifier. The power output
to the antenna is approximately 15 watts. As shown in figure 16,
the final tank coil and antenna-trimmer capacitor are housed
in a plastic cover which serves to protect these elements
from driving rain and dust.

Coupling to the antenna is made by means of a circuit
requiring a minimum of components and adjustments. Initial
loading is accomplished by adjusting a tap on the tank coil,
and the antenna circuit is trimmed to resonance by means of
a small tuning capacitor.

The weather station uses a telescopic whip antenna of
aluminum tubing that extends 13 feet, 8 inches above the top
deck. This antenna length, which is a compromise between
radiation efficiency and mechanical strength, is approximately
1/15-wavelength long at the operating frequency of 5072.5 kc.
This results in necessarily low radiation and coupling efficien-
cies. To keep the coupling and tank-circuit efficiencies as
high as possible, a relatively large coil, having a Q of about
300, is used in the transmitter.

Losses in the ground due to poor conductivity form an
appreciable part of the antenna system losses. As a con-
sequence, the antenna loading and tuning are affected by oper-
ation over grounds having different conductivities. For opti-
mum efficiency, it would be necessary to load and tune the
transmitter over ground similar to that existing at the pro-
posed operating site. An approximation to this can be made
if the equipment is calibrated over several types of ground,
and an appropriate adjustment of the tuning and loading made
when preparing the station for use.
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Figure 16. Transmitter.
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Self-Balancing Bridge System

Conversion of weather data to code groups is accomplished
by means of a ‘‘closed-loop’’ servo system, or self-balancing
bridge, in conjunction with a mechanical coding mechanism.
(See figure 17.) The servo system consists of an ac bridge cir-
cuit, a two-stage amplifier (figure 18), and a two-phase re-
balancing motor. One leg of the bridge circuit contains a weather
element transducer (R,), the adjacent leg containing a ‘‘rebal-
ance®" potentiometer driven by the two-phase motor.

The primary terminals of T101 are connected to the pri-
mary winding of the vibrator power supply transformer. The
115 volts developed across the secondary of T101 is applied
to the bridge input and to one winding of the two-phase motor.
The other winding of the motor is connected to the amplifier
output, and a 90o phase relation between the two voltages
applied to the motor is obtained by means of a phase-shifting
capacitor in the amplifier output circuit.

When the bridge becomes sufficiently unbalanced (approx-
imately 2 ohms change in R,), the motor rotates the rebalance
potentiometer in the proper direction to balance the bridge.
The code selector switches rotate with this motor, picking
out particular letters for transmission.

Since the time allotted for bridge rebalance is only about
3 seconds, little hunting or instability can be tolerated. Other-
wise wrong code letters would be transmitted, resulting in
erroneous weather information. Hunting is kept to a minimum
in this equipment by allowing some dc to flow in one winding
of the two-phase motor, thereby providing a measure of mag-
netic damping.

Technical data on the design of the bridge circuit are in-
cluded in the Appendix.
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Code-Selection Mechanism

The code-selection mechanism (figures 19 and 20) consists
of two mechanical systems which are electrically connected.
The lower system includes a code wheel, a sequencing switch,
and a cam-operated switch, all operated from a 12-volt dc
motor whose output shaft rotates at 17 rpm.

The upper mechanism consists of two 7-contact switches
geared together at a 13-to-1 ratio, and in turn geared to a pre-
cision rebalance potentiometer. This system is actuated by
the two-phase motor which balances the bridge circuit.

The two switches are identical, each consisting of seven
contact buttons (metallic segments) and a two-prong switch
arm. When the switch arm is touching only one button, the
code-selection mechanism sends the letter on the code wheel
which is connected to that button. When the arm touches two
buttons, as in figure 21, the mechanism sends both letters
simultaneously, which results in the formation of a new letter
as indicated in figure 22. The buttons are of such a diameter
and spacing that the arc length traveled during the time the
switch arm contacts a single button equals the arc length
traveled while contacting two buttons simultaneously. There
are three sets of brushes contacting the code wheel, each
set being associated with one letter of the transmitted code
group.

The sequencing switch performs several functions. It
switches the weather element resistance into the bridge, ap-
plies voltage to the rebalancing circuit, and picks out the
proper identifying letter for each weather parameter code
group. It also switches into the bridge circuit a resistance
which caused the coding mechanism to send a call letter identi-
fying the individual weather station.

When the station is transmitting weather information,
the first letter of the three-letter code groups identifies the
meteorological parameter being sampled, and the last two
letters represent the quantitative information,
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Figure 19. Code selection mechanism (assembled).
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Figure 20. Code selection mechanism (exploded).
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Figure 21. Switch arm contacting two buttons.

Figure 22. Physical arrangement of code wheel contacts.
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Timing Mechanisms

Initiation of all weather-station operations, with the ex-
ception of parachute deployment and parachute release, is
accomplished by two timers.

A mechanical erection-delay timer, preset to a time de-
pendent on the altitude of drop, is started by removal of a
holding wire when the tail cone is ejected from the weather
station. After the prearranged time has elapsed and the sta-
tion is on the ground, the timer contacts close, applying volt-~
age to the leg-release fusible wire. A chain of events follows
which has been described in the Sequence of Operations sec-
tion,

In order to provide for transmission of weather data at
regular predetermined intervals, an automobile-type electric
clock (Borg No. CA 1656) is arranged with suitable hands
and contacts for switching, as shown in figure 8. The clock
switch may be set to start transmissions at any 15-minute
point, and repeat at regular intervals of 1, 2, 3, 4, 6, or 12
hours. Satisfactory operation of this clock can be obtained
at -70°F by cleaning the mechanism and oiling it with a
special low-temperature instrument oil (Mellon Institute Oil
N-28). :

-~
-

meteorological instruments

Atmospheric Pressure Transducer

This unit (A of figure 23) is an aneroid-type absolute pres-
sure instrument, designed and constructed to NEL specifica-
tions by the Bourns Laboratories, Riverside, California.

Figure 23. Pressure, humidity, and temperature transducers.
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In order to cover the wide range of pressures required,

a separate unit is supplied for each 120-mb range, making a
total of seven instruments. In operational use, the appropriate
unit (based upon a knowledge of the altitude of the proposed
operating site) is installed for use in the weather station. Me-

. chanical stops are provided on each pressure instrument to
allow transportation at any altitude without damage. Instrument
accuracy is within +1 mb over the required pressure and tem-
perature ranges.

Graphs similar to figure 10 were obtained for each pres-
sure instrument at several temperatures. These curves allow
interpolation of values necessary for temperature correction
of the aneroid cell and linkages. The arrowheads on the
sample atmospheric pressure calibration curve of figure 10
show that the resistance change is not linear with temper-
ature. Using the high end of the temperature range as a
starting point, it may be seen that the trend of increasing
resistance with decreasing temperatures actually reverses
at some temperature between +10°F and +70°F. It would be
highly desirable to eliminate this effect, or at least to re-
strict any variations with temperature to a very small re-
gion, say +15 ohms. Both the calibration procedure and the
interpolation process would be simplified as a result.

Data on the various temperature corrections required
for the meteorological instruments are given in the Appendix.

Relative Humidity Transducer.

A modified membrane-type hygrometer is used for meas-
uring relative humidity. It consists of a Model 201 Serdex
instrument (B of figure 23) with a Giannini microtorque poten-
tiometer mounted on the dial face. Mechanical coupling is
made between the instrument pointer and the shaft of the poten-
tiometer.

Since the humidity range is covered by a 100° rotation of
the pointer, a 5400-ohm, 270° potentiometer is used. A range
of 0-t0o-2000 ohms on the potentiometer then corresponds to
0-to-100 per cent relative humidity.

Recent tests have indicated that some of the Serdex units
are by no means precise, stable, and completely reliable in-
struments. However, the only other device of the mechanical
movement type is the hair hygrometer, which is of question-
able superiority. Because the Serdex units that were received
in early shipments to the Laboratory appeared to be stable
and reliable when compared with sling psychrometers, it is
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possible that the instruments vary from lot to lot. A rigid in-
spection system at the factory is one recommended step to-
ward the solution of this problem.

Temperature Transducer

This instrument (C of figure 23), designed and fabricated
at NEL, consists of a bimetallic strip wound in a spiral, the
inside end being fastened to the arm of a Giannini microtorque
potentiometer.

The angular movement of the bimetallic strip is such
that, for the complete temperature range -70°F to +110°F,
the resistance wiper makes approximately two revolutions.
Ambiguities arise from this situation, since for every resis-
tance value there exist two possible temperature readings.
However, the values are separated by about 100°F so there
is little likelihood of misinterpretation.

Detailed information on the properties of the bimetallic
material is not available because the units were made of stock
of unknown origin. However, the instrument was designed by
experimentally obtaining the angular rotation per degree F
for a given length of metal. From these data, and a knowledge
of the required 3-to-4 degree angular rotation per degree F,
the proper length of the coil was obtained. To make the tem-
perature range correspond to the correct resistance range,
the instrument was heated to +110°F (upper limit of required
range), and the potentiometer housing rotated until a reading
of approximately 2000 ohms was obtained.

The accuracy obtainable with this instrument is +1°F,
and the speed of response is as rapid as a thermocouple-
type temperature indicator.
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Wind-Direction Transducer

This instrument (figure 24) consists of an aluminum wind
vane connected to the case of a specially constructed mag-
netic compass by means of a rotatable shaft. Mounted on the
compass case is the frame of a microtorque potentiometer,
the movable arm of which is coupled to the compass float.
Wind direction is thus established with respect to magnetic
north.

The compass case is mounted in gimbals to insure oper-
ation in a level position. A brass float containing fifteen
1/8-inch diameter Alnico V magnets provides the required
torque to operate the microtorque potentiometer. In order
to insure sufficiently low viscosity at low temperatures,
Silicone DC200 fluid (whose viscosity is 2 centistokes at 25°C)
is used to float the magnet assembly. Alcohol was eliminated
as a usable fluid for this application because of its corrosive
action. Means for obtaining the variable resistance informa-
tion are provided by slip rings on the rotatable shaft. This
design also allows unlimited rotation of the instrument. The
microtorque potentiometer is constructed in such a manner
that the wiper arms bridge across the changeover point at
the 360° position.

PRESSURE
LATE

W -~ CALIBRATION
S TADIUSTMENT

s =

COUNTERWEIGHT

DAMPER POT

-

SLIP RINGS

WIND-DIRECTION
TRANSDUCER

. ﬁ—COMPAhS
.~ -

GIMBALS ——

Figure 24. Wind-direction and wind-velocity transducer.
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Wind-Velocity Transducer

The wind-speed indicator is an integral part of the wind-
direction instrument just described. A ‘‘pressure plate,”’
used for measurement of the wind velocity, operates by the
force of wind pressure against a flat plate, the plate being
displaced against the restoring torque of a spring. This dis-
placement results in the movement of a wiper arm over a
resistance strip mounted inside the body of the instrument.

The pressure plate was made as small as possible con-
sistent with the necessary sensitivity. The spring selected
has a restoring characteristic such that, over the wind-
velocity range of 5-to-80 knots, the total angular movement
of the paddle is 45-t0-50 degrees. The travel was limited
to this amount to minimize errors resulting from winds in-
clined to the horizontal. In order to provide a more nearly
linear angular movement with velocity, the design is such
that the spring-restoring torque varies with changes in the
moment arm as well as with spring deflection. This is neces-
sary because the pressure on the plate is approximately pro-
portional to the square of the wind velocity.

Since only two samples of wind speed are obtained during
each transmission period, a damping device was considered
necessary to smooth out the effect of gusts. A suitable fluid-
type damper was designed, using Silicone DC200 as the damp-
ing medium. In order to provide a reasonably uniform damp-
ing constant over a wide temperature rangc, two fluid vis-
cosities are used; 20 centistokes from +110°F to 0°F, and
5 centistokes from +40°F to -70°F.

Packing around the bearing used in this unit is not prac-
tical because of the small force available at low wind veloci-
ties. However, leakage of the damping fluid can only occur
when the weather station is in such a position that the pres-
sure plate is underneath the damper pot. Normally the weather
station is never in this position with the exception of the few
seconds immediately after it hits the ground, or in the event
it is improperly packed.

Figure 25 shows the weather station with all of the asso-
ciated components installed in their proper positions.
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Figure 25. Components installed in weather station.
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TESTS

controlled atmosphere tests

Tests that were performed on the weather station or its
components under controlled atmospheric conditions can be
divided into three categories: (1) meteorological instrument
calibration, (2) electronic instrumentation tests, and (3) low-
temperature operation of the complete weather station.

Instrument Calibrations

The temperature transducers were calibrated in a Bowser
chamber using two thermocouples; one being a reference
junction held at 0°C in an ice and water mixture, and the other
placed inside the chamber at the existing temperature. The
difference voltage was then read by means of a Leeds and
Northrup potentiometer to find the chamber temperature. This
method provided calibration points with an accuracy of ap-
proximately _+_0.10F.

Rechecking the transducers after a lapse of several months
showed a shift of about 2°F in the calibration in the low-tem-
perature region. This was attributed to insufficient artificial
aging of the instrument prior to calibration. Future designs
should include an adequate cycling period to insure that all
stresses have been removed from the bimetallic strip.

Calibration of the Bourns atmospheric pressure transducer
was made in a similar chamber, using a water manometer for
differential pressure measurement, and a mercurial barometer
for reference pressure. An accuracy of approximately +0.2
mb was obtainable by this method. Curves were obtained at
four temperatures over the required range, allowing interpola-
tion for any particular temperature.

Early attempts to calibrate the Serdex hygrometers in a
chamber were completely unsatisfactory, and it was found that
special precautions had to be taken to obtain reasonably reli-
able data. Since the available chamber was inadequate for
this type of calibration, a modification was made to reduce the
possibilities of moisture stratification in the chamber and to
reduce the effects of evaporation from a wet bulb into air flow-
ing past the hygrometers. This modification consisted of
screening off a portion of the chamber so that air flowing toward
the exhaust vents had to go through a metal tube containing the
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Serdex hygrometers. Wet- and dry-bulb thermocouples, con-
nected to a Leeds and Northrup potentiometer, were placed at
the exhaust end of the tube. Adequate and continuous soaking
of the wet bulb was obtained by the use of gravity feed. The
wet-bulb thermocouple was placed on the downwind side of
the dry bulb so that no additional moisture was added to the
air before temperature measurement. Calibration accuracy
was believed to be well within the required +5 per cent relative
humidity. Checks made with a sling psychrometer under local
atmospheric conditions resulted in a scattering of points.
However, by drawing a cu:rve using the large number of points
obtained by both methods, it was found that 89 per cent of
these points were within 17 per cent relative humidity of the
curve. -
With more accurate calibration facilities, it is quite pos-
sible that further tests would yield points well within the +5
per cent allowable tolerance. -
Wind-speed and wind-direction transducers were checked
at =70°F for freedom of movement and change of damping-
fluid viscosity only. Operation of these instruments was con-
sidered satisfactory when DC200 Silicone fluids were used.

Electronic Instrumentation Tests

Temperature compensation of the bridge circuit was re-
quired (see Appendix). The effectiveness of the calculated
temperature coefficients of the bridge resistors, R403 and
R404, in maintaining this required tempera ture compensation
was checked in a test chamber. This was done by placing
all the weather station components in the chamber, substi-
tuting a 2030-ohm microtorque potentiometer for the weather
transducers, and noting the transmitted code letters as the
tempgrature was varied over the complete range, -70°F to
+110°F. The observed variation of 7 ohms in the indicated
resistance was considered satisfactory, since the average
resistance change necessary to cause a change in the code
letters is 15 ohms.

Upon testing the erection-delay timer and automobile-
type clockat -70°F, it was found necessary first to clean
these units carefully and then oil with Mellon Institute N-28
low-temperature oil to insure satisfactory operation.

The complete electronic system, consisting of self-
balancing bridge, transmitter, power and timing unit, and
code selection mechanism, functioned properly dver the com-
plete temperature range, -70°F to +110°F.
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Operation of the battery was tested at -70°F for several
days in an accelerated life test. The battery furnished cur-
rent to a load equivalent to the weather station requirements
for a time equal to a normal two-week operational period.
At the end of this period the battery voltage was approxi-
mately 10 volts.

Weather Station Low-Temperature Tests

Since a chamber of adequate size to test the entire weather
station was not available at NEL, the altitude test chamber at
he U. S. Naval Ordnance Test Station, Inyokern, China Lake,
California, was utilized for this purpose. The original intent
was to make comprehensive tests over a wide range of tem-
perature, humidity, and pressure, but, because all the Navy
acceptance tests for the chamber had not been passed, only
low-temperature and variable-pressure tests were made.

The station was placed in the chamber, and the temper-
ature reduced to -=70°F. The weather station pressure tank
was then filled to 1200 psi. An aircraft climb to 18,000
feot was then simulated by appropriate pressure-change rate,
followed by a return to local pressure at a rate correspond-
ing to a parachute descent. At this time the timer pin was
removed, and after the prescribed delay the leg mechanism
operated, righting the station. After the proper time delay,
the antenna release operated, blowing out a stopper placed
in the bottom antenna section, thereby indicating satisfactory
op(‘r ation of the valve assembly. Wind-direction and wind-

elocity instruments were ¢ hecked .md found to move freely,
Th(‘ battery voltage available at -70° F with the high specific
gravity electrolyte was 13.1 volis open circuited, and 11.8
volts with all equipment in operation. No difficulty was en-
countered with the operation of the electronic components.

snow tests

The object of these tests was to subject the station to
snowstorms and high winds, and to observe the erection of
the equipment in snow. Although the weather station was not
ready until mid-April 1950, it was transported to Donner
Summit, California felevation of 7000 feet) where about 12
feet of snow cover existed (see figure 26), and was erected
in time to be tested in one of the most severe snowstorms of
the season.
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Figure 26, Weather station at Donner Summiit.,

Observation of the station erecting itself in the snow re-
vealed that the stabilizing fins, which were permanently at-
tached to the legs, dug into the snow and prevented the legs
from locking in place. Therefore, at a later date, fins were
developed which fall free when the legs fold outward.

The station was set up on a slope about 150 feet from the
Donner Summit weather station operated by the CAA. This
site was chosen so that weather data gathered at regular in-
tervals by CAA personnel could be used for comparative

purposcs.
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Some trouble was experienced with the wind-velocity,
wind-direction, and humidity instruments that was not directly
attributable to the weather conditions. These tests, therefore,
did not yield as much quantitative information about the in-
struments as was desired. However, considerable knowledge
of the special problems encountered during operation on snow-
covered mountainous terrain was gained, and improvements
in the weather station resulted.

The principal mechanical difficulties that were encountered
during the snow tests were:

1. The wind-velocity pressure plate became stuck. This
was attributed to a warping of the plastic damper case.

2. The compass bowl jammed in a vertical position dur-
ing transit.

3. Damage occurred to the wind-indicator slip ring brushes.

4. Alcohol, which was used at that time for floating the
compass, evaporated rapidly.

As a result of these failures, the comparison of wind-
velocity and wind-direction information with the Donner Sum-
mit data was largely meaningless.

It was noted during the storm that, after a time, snow
and sleet would cling to the pressure plate. This undoubtedly
changes the calibration of the instrument, if the area of the
plate is appreciably altered. In the case of severe icing, it is
believed that all presently practical methods of wind-velocity
measurement (where large amounts of electrical power are
not available) have severe limitations.

No other specific difficulties were attributed to the wind-
driven snow, although several inches of snow accumulated in
the meteorological compartment.

Atmospheric pressure measured by the Bourns pressure
transducer was within +1.5 mb of the CAA data for 54 of the
56 measurements.

A major problem brought to light by these tests was the
inadequate ventilation provided for the temperature and
humidity transducers. On bright sunny days under conditions
of very little wind, the temperature inside the weather station
reached a point as high as 25°F above the outside air tem-
perature, and the relative humidity dropped as much as 60
per cent below normal. The conditions prevalent at Donner
Summit were considered a severe test of this problem be-
cause of the highly reflective snow, low air density, and periods
of low wind velocity. Near the end of the tests, the ventilation
was greatly increased by removing all access panels from the
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weather station, thus allowing much greater air circulatipn
Specifically, during a 1-day test period under these conditions,
the maximum temperature difference registered by the station
from the outside weather conditions was 3°F, and the maxi-
mum humidity change was 12 per cent.

As a result of these tests, two louvered panels and four
ventilation air scoops were constructed for the station, as
shown in figure 1. In addition, a false deck of polished alumi-
num supported by insulating spacers was attached to the former
top deck, providing additional protection from the sun.

Recent laboratory tests have shown that the increase in
temperature inside an aluminum cylinder resulting from solar
radiation is reduced when the outside surface of the cylinder
is painted with white enamel. The reason for this is that,
while the coefficient of absorption of the white surface (for
solar radiation) is not as low as polished aluminum, its low-
temperature emissivity is considerably higher.

Quantitatively, a white enamel surface has a coefficient of
absorption of about 0.25 for solar radiation, while the same
quantity for aluminum has a value of only 0.15. Further, the
coefficient of emissivity (for low temperatures) of the white
surface is 0.95 as compared to about 0.08 for aluminum.

It should be noted that the polished aluminum surface in-
side the weather station should be retained so that radiation
from the warm walls toward the instruments will be kept to
a minimum.

parachute drop tests

Over a period of eighteen months, three weather stations
were subjected to a total of approximately 20 drops from an
F8F aircraft by the Parachute Experimental Unit, El Centro,
California. The drops were made from 1500 feet at speeds
ranging from 150-to-225 knots.

For the most part, very little trouble was experienced
with damage as a result of the drop tests. Several plastic
battery cases were cracked before improved packaging was
devised, and, on one occasion, a leg and the wind vane were
bent as a result of improper stabilizing-fin design.

Early drop tests were made with development models of
the electronic equipment installed, and with only one or two
experimental meteorological instruments in place. Tests
of a complete weather station began in September 1949,
Several months later, a failure occurred when the station was
dropped under conditions of high surface winds (25-to-30 knots).
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Because of malfunctioning of the bomb shackle release
system on the aircraft, the station was dropped near

one end of the landing field, and the equipment landed outside
the Air Station. The surface wind was so strong that suf-
ficient relaxation of tension in the shroud lines did not occur.

" As a result, the parachute-release device failed to operate,
causing the weather station to be dragged about 1/2 mile
across open fields. The only observed damage resulting from
this rough treatment was relay failure due to dirt on the con-
tacts. Hermetically sealed relays were later installed to pre-
clude a repetition of this failure. The parachute-release as-
sembly was modified by the substitution of a stronger spring
of improved design for forcing the hook to release. Satis-
factory release was obtained with this modified hook in a
series of tests where surface winds of up to 30 knots pre-
vailed. An additional safety feature later incorporated in the
equipment was a design providing for the support post to which
the ground-release assembly is attached to be automatically
ejected at the time that the legs start opening.

Considerable trouble was experienced with aerodynamic
instability of the weather station in the early phases of drops
from wing racks. On one occasion, when stabilizing fins
were not used, violent longitudinal oscillation of the equip-
ment occurred while the parachute was deploying, causing
the main hook connecting the station and parachute to snap.
Various types of permanently attached fins were successfully
used during early stages of the equipment development. How-
ever, disadvantages associated with these designs were (1) re=-
duced accessibility to inner compartments, and (2) suscepti-
bility to jamming when the station erects in snow. Conse-
quently, fins were designed that are held in place by the leg

chaps, dropping free of the station when the legs unfold on
the ground.

CONCLUSIONS

1. An automatic weather station has been developed which
can be carried by military aircraft on standard external or
internal bomb racks, and dropped to the ground by parachute
at a remote point. The station will then automatically transmit
surface weather data: namely, atmospheric pressure, tem-
perature, relative humidity, wind speed, and wind direction.

2. The weather station transmissions can be received by
standard ship, shore, or aircraft radio receivers with no aux-
.iliary recording equipment required. Information is trans-

\
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mitted in three-letter code groups which can be readily con-
verted to weather data by means of simple charts.

3. Reception of the weather station transmissions at var-
ious ranges is dependent upon ionospheric propagation char -
acteristics. Since only one frequency (5072.5 kc) was assigned
to this equipment, severe limitations have been imposed on
wide~area coverage. As an example of the possible range,
however, the weather station transmissions were received
satisfactorily during night hours over a 500-mile path for a
2-week period during the spring of 1950,

4. At -70°F the special purpose, lead-acid type storage
battery (electrolyte sp gr of 1.350) has sufficient capacity to
allow a 3-minute transmission every 6 hours for a period of 2
weeks. At higher temperatures a corresponding increase in
operating life can be expected.

5. Readings obtained from the temperature and atmos-
pheric-pressure transducers are within the accuracy speci-
fied in the problem assignment (+2°F and +1.5 mb, respec-
tively).

6. A determlnation of the accuracy of the other three
meteorological instruments over a wide range of conditions
was limited by available testing facilities. However, the
following conclusions can be stated:

a. Over the temperature range +50°F to +110°F, the
Serdex hygrometer readings are accurate to within
17 per cent relative humidity from 15 per cent to
95 per cent relative humidity. No adequate facility
was available for varying and accurately measuring
relative humidity at low temperatures.

b. The wind-speed indicator will provide readings with-
in the required accuracy over the range 5-to-80
knots. However, the calibration was performed at
temperatures in the range +60°F to +85°F. Although
no facilities were readily available for checking the
calibration over a wide range of temperature, no ap-
preciable change in calibration is anticipated at other
temperatures.

c. The wind-direction indicator is basically capable of
providing information within the required 17°, using
magnetic north as a reference. It should be noted
that, when operating in high latitudes where magnetic
compasses are unreliable, or where the terrain im-
mediately surrounding the weather station is unknown,
the wind-direction information will be of little value.
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7. Continuous wave (CW) was chosen as the method of
transmission, rather than a form of pulse modulation which
might be termed ‘‘pulsed CW'* (transmission in which each
dot and dash is broken up into pulses occurring at an audio
rate). This decision was based on the comparative simplicity
of a CW transmitter, and the fact that frequency diversity,
which is the principal advantage of ‘‘pulsed CW,"" is of re-
duced importance in this application because of the numerous
repetitions of each code group.

8. The total weight of the weather station, including the
parachute, is 176 pounds.

RECOMMENDATIONS

The items listed below are recommended measures to be
taken for improving the design and calibration of the equipment.

1. Make the following additional tests where facilities are
available:

a. Check the calibration of the hygrometers at temper-
atures below +32°F.

b. Check the wind-speed indicator calibration over the
complete operating temperature range.

c. Determine the accuracy of the automobile-type clock
at -70°F.

d. Test operation of the station under conditions of heavy
rainfall and high winds.

2. Conduct additional operational tests in mountainous
country under snow conditions similar to the limited oper-
ations made by NEL at Donner Summit, California.

3. Upon completion of the construction of an adequate
number of weather stations (10 or more), perform operational
service tests which include:

a. Drop tests in mountainous terrain (1) at several surface
elevations, (2) on soft snow surfaces, and (3) on snow

crust.
b. Tests in Arctic regions.
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4. Determine the feasibility of using aircraft photographic
techniques for obtaining a reference direction for wind-direc-
tion measurements. Pictures of the weather station erected
on the ground, taken from an aircraft flying on a known head-
ing, would reveal the physical orientation of the station with
respect to this heading. Such orientation could then be cor-
related with the transmitted data to give wind direction relative
to the known heading. Suitable marking on one leg chap of the
station would provide identification of a reference position in
the photograph.

5. Investigate methods of inlaying contacts in insulating
material, such as used in the Signal Corps Radiosonde Modu-
lator ML-310/AMT-1. This method appears applicable to
the code wheel, sequencer, and clock contacts of the weather
station, and should result in improved construction techniques
for these components.

6. Investigate the possibility of using a chemical paste
or oil, similar to that employed extensively by the R.A.F.
during the last war, for anti-icing of the wind-speed indicator
and antenna.

7. In rewriting specifications for the barometer units,
emphasize the accuracy gained by recording atmospheric
pressure changes rather than absolute pressure values. If
the altitude of the operating site is not known to within +100
feet, an error amounting to more than 12 mb can result.

8. Replace the present 12-volt battery with a 14-volt
unit of the same type designed with a form factor to fit in the
outside battery box. This will necessitate changing a gear
ratio in the sequencing unit to keep the same code speed.

Use of the higher voltage battery will result in a more ef-
ficient operation of the transmitter during the latter part of
the operational period.

9. Relax accuracy limits of relative humidity measure-
ment from 15 per cent relative humidity to +7 per cent rela-
tive humidity in the temperature range between +32°F and
+110°F. Further investigation with more accurate cali-
brating equipment may prove this to be unnecessary.

10. Investigate the advisability of keeping the Serdex
hygrometers in a humid atmosphere when stored for long
periods of time.

11. Determine the reasons why the Serdex instruments
occasionally jam when the actual humidity is less than 10
per cent,

12. Determine the most effective baffling for temperature
and relative-humidity transducers under conditions of high
wind.
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13. With the aid of an experienced manufacturer of bi-
metallic materials, determine the optimum design of the coil
used in the temperature transducer. Optimizing the design
chould result in a coil: (a) heavy enough to withstand high
winds, (b) light enough to keep the time lag short, and (c) hav-
ing the lowest possible hysteresis effects.

14. Investigate the possibility of coating the weather staticn
side panels with an aluminum foil over a plastic foam insulat-
ing material. This should further reduce the heating effect
of the sun.

15. Use a shielded, stainless-steel ball bearing in the ex-
posed position of the wind-velocity indicator.

16. Determine if materials such as Silicone rubber are
usable as a shock absorber in the weather station. The plastic
ball now used for this purpose becomes brittle at very low
temperatures. ‘‘Poly-foam®’ material should also be investi-
gated as a possible shock-absorbing medium. (Impact area of
the poly-foam would have to be small to be effective.)

17. For efficient operational use of the automatic weather
stations, employ personnel skilled in the application of iono-
spheric propagation data for determining skip zones and
related transmission problems.

18. Change the specification for erecting on slopes from
the present requirement of 45° to 30°. It is believed that
a 30° slope is the maximum on which the equipment will
stop. The compass in the present station is designed on the
basis of a 30° maximum slope.

19. Make further tests to determine the effectiveness of
the white enameled exterior under different ground surface
conditions, including snow. Such an investigation will reveal
the usefulness of the white surface when there is a large
amount of heat radiated from the ground to the weather
station.

APPENDIX: TEMPERATURE COMPENSATION AND CORRECTION
bridge circuit design

It may be seen by referring to figure 27 that the bridge
circuit employed in the weather station consists basically
of the two fixed arms, R401 and R402, and two variable
arms, one containing the rebalance potentiometer, and the
other containing a weather-element transducer. For maxi-
mum sensitivity of the bridge,! R401 = R402, and R403 +
Riransducer = R404 + R20l. An approximate value of re-
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sistance was chosen for R403 (exact value depends upon
temperature coefficient considerations), limiting the maxi-
mum current through any weather-element transducer to
15 milliamperes.

R403 and the weather-element transducer compose one
leg of the ac bridge, the other variable leg consisting of
R404 (3545 ohms) and R201. R201 is a specially constructed
360° minitorque potentiometer. The first 225 ohms (30°
rotation) of R201 plus R404 matches the value of R403 (3770
ohms) in the adjacent leg of the bridge. This arrangement
is such that when the resistance of the weather-element
transducer is at zero ohms (point X) the arm of potentio-
meter R201 is at point Y. The 2250-ohm portion (300°
rotation) of R201 corresponds to the variable resistance of
the transducer. The last 30° rotation of R201 is an open
circuit. This open-circuited portion provides a region for

R40!

10K

TEMP COEF 0002 PER CENT
PER DEGREE C

R402
TEMP COEF. 0002 PER CENT
PER DEGREE C

3 4
5V AG

R403 R404

37700 115 CPS 2emp CoEF

TEMP COEF 00I7 PER CENT X Y ,
PER DEGREE C Pl N 0013 PER GENT

PER DEGREE C
_30° ROTATION

(225 Nn)
/aoowonmon
(2250 N)

_//30" ROTATION

(OPEN CIRCUIT)
REBALANCE
POTENTIOMETER

360° ROTATION

2475 N

TEMP COEF. 0.08 PER CENT
PER DEGREE C

WEATHER ELEMENT ———
TRANSDUCER 0-2000N

R405

1L8M

TEMP COEF 0.08 PER CENT
PER DEGREE C

(EXCEPT FOR R603)

Figure 27. AC bridge circuit.
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overshooting when the rebalance motor is rapidly turning
the potentiometer to a high value of resistance. When the
inertia of the motor carries the potentiometer arm over
into the open-circuited region, a strong reverse torque is
applied to the motor, tending to brake its motion and cause
a reversal of direction. This reduces the shock on the gear
train by lessening its impact against a mechanical stop.
Precaution against excessive shock is also provided if a
meteorological instrument develops an open circuit. A re-
verse torque is applied in this case because R405 (1.8 meg-
ohm) is paralleled with these instruments. When the motor
drives R201 rapidly toward a balance position of 1.8 meg-
ohm, the arm of R201 suddenly goes into the open-circuit
region. This means that a reverse torque is applied, braking
the motor and causing a temporary reversal of direction.
Under these conditions, hunting will occur at the end of the
resistance strip, and the code selector switches may stop
at random points in this region. If scattered readings occur
in the vicinity of 2200 ohms, an open circuit in one of the
meteorological instruments should be suspected.

temperature compensation

The mean temperature coefficient of the microtorque
potentiometers used in the weather-elemeat transducers and
the minitorque rebalance potentiometer R201 is 0.08 per cent
per degree C.

As was previously mentioned, the series value of the first
225 ohms of R201 plus R404 (3545 ohms) is matched by the
single resistor R403 (3770 ohms) in the adjacent variable leg.
In order to ensure that the value of R403 and the value of R404
+ 225 ohms vary in exactly the same way over the temperature
range -70°F to +1 10°F, it is obvious that some means of
temperature compensation is required. This is accomplished
by choosing different temperature coefficients for R403 and
R404 in the following way:

The condition for proper temperature compensation can
be written as

225(k)) + R404(kp) = R403(k;), (1)

where k] is the mean temperature coefficient of the micro-
torque potentiometers (0.08 per cent per degree
C),

k, is the mean temperature coefficient of one com-
merical precision resistor (0.013 per cent per
degree C),
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k, is the mean temperature coefficient of the other com-
mercial precision resistor (0.017 per cent per degree
C), and

R403 = R404 + 225 ohms.
Substituting the proper values in equation 1 gives

225(0.0008) + (R404)(0.00013) = (R404 + 225)(0.00017). (2)
R404 is evaluated from equation 2 as

R404 = 3543.8 ohms.
Letting R404 = 3545 ohms, results in

R403 = 3545 + 225 = 3770 ohms. (3)

temperature corrections

The code-selection mechanism, wind-speed indicator,
wind-direction indicator, and relative humidity transducer
were all calibrated at approximately +70°F. Furthermore,
the variable resistances associated with these meteorological
instruments and the code-selection mechanism all have the
same temperature coefficient. As a result, no temperature
correction is required. However, the atmospheric pressure
transducer and the temperature transducer must be cali-
brated over the range -70°F to +110°F, and appropriate
temperature corrections must be made.

In the case of the atmospheric pressure instrument, sev-
eral graphs are obtained by holding the test chamber at given
temperatures and varying the pressure over the required
range. These graphs compensate for the fact that expansion
and contraction of the bellows and linkages are functions of
temperature. A correction must now be applied because the
coding mechanism was not calibrated at those temperatures.
When the ambient temperature of the weather station is above
+70°F, the resistance correction must be added to the trans-
mitted value, and when the temperature is below +70°F, the
correction must be subtracted. The applied correction is
supplied in the form of a chart, and consists of values calcu-
lated on the basis of a mean temperature coefficient of 0.08
per cent per degree C.

If the code letter versus resistance chart (table 2) is
used directly with the pressure instrument calibration curves,
an erroneous reading will be obtained when the air temper-
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ature is above or below +70°F. For example, if we assume
that the temperature is +100°F, it can be seen that the code
letters transmitted will indicate a resistance that is too low
by an amount equal to the indicated resistance times the
mean temperature coefficient., Therefore, this amount
must be added to the transmitted value of resistance before
entering the instrument calibration curves. The reason for
the transmitted value being too low is that the angular posi-
tions of the code selector switches (and thus the code groups
sent) correspond to a lower value of resistance (as shown
on code letter versus resistance chart) instead of the actual
resistance at this higher temperature.

To carry the example a step further, it can be seen that
at a given pressure and a temperature of +100°F, the bridge
will balance so that the rebalance potentiometer resistance
is equal to the transducer resistance. If this resistance is
2000 ohms, the code selector will select a code group cor-
responding to 1973 ohms, which is 2000 ohms referred to
+70°F. It is therefore necessary to add the temperature
correction to this transmitted value to obtain the proper
resistance.

The termperature transducer is first calibrated over the
complete temperature range, and the resulting graph is
modified in the following manner: For temperatures above
+70°F, the resistance values are corrected by subtracting
values based on a mean temperature coefficient of 0.08 per
cent per degree C, and for temperatures below +70°F, the
corrections are added. The proper values of temperature
are thus obtained directly from the graph.

In the case of the temperature instrument, the calibra-
tion curve itself has been modified so that transmitted values
may be directly applied to the graph.

By reasoning identical to that described in connection
with the atmospheric pressure unit, the transmitted code
group corresponds to a resistance value differing from the
correct resistance by a factor equal to the indicated resis-
tance times the mean temperature coefficient. In order to
obtain correct readings from the instrument calibration curve,
it was necessary to subtract the temperature correction values
point by point on theml curve for temperatures above
+70°F, and to add the corrections for those below +70°F. The
curve was themplotted as shown in figure 28.
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Figure 28. Instrument calibration curve.
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